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Description

[0001] The present application claims priority to U.S. Provisional Patent Application Serial No. 60/458,354 and to U.S.
Provisional Patent Application Serial No. 60/528,583, filed December 10, 2003,

FIELD OF THE INVENTION

[0002] The present invention generally regards the fields of bone therapy, bone marrow processing, and medicine,
such as orthopedic medicine. In a specific embodiment, the presentinvention is directed to the processing of physiological
product, such as bone marrow aspirate, through a dual-step filter system either step of which lacks centrifugation.

BACKGROUND OF THE INVENTION

[0003] Bone graft substitutes (BGS) are commonly used as a less-invasive alternative to autograft for the repair of
osseous defects. Autograft, however, remains the gold standard in grafting applications due to its supply of a structural
scaffold, osteoinductive growth factors, and osteogenic cells. A promising surgical option to autograft is the use of a
composite graft consisting of a BGS combined with bioactive (i.e, osteoinductive and osteogenic) elements. Examples
of bioactive elements include platelets (which secrete osteoinductive growth factors) and stem cells (which differentiate
into osteogenic bone-forming cells). Sources of these bioactive elements include bone marrow aspirate and blood, which
are less invasive to procure from a patient than autograft. With this in mind, techniques have been developed to procure
and concentrate bioactive elements from bone marrow aspirate and blood for use in tissue healing applications. Cen-
trifugationis typically used to separate osteogenic/osteoinductive cells from other blood constituents based on differences
in density. However, preparation of cell-rich suspensions can be arduous in addition to requiring the purchase and
maintenance of a centrifuge in the operating room. Accordingly, a point-of-care surgical technique that could concentrate
stem cells and platelets from blood or bone marrow aspirate without the need for centrifugation is desirable. This would
give a surgeon a convenient method to rapidly prepare a bioactive BGS that would be a viable and less invasive alternative
to autograft.

[0004] In Connolly et al. (1989), marrow extracted from rabbits was concentrated by simple centrifugation, isopyknic
centrifugation, and gravity sedimentation, all of which increased the nucleated cell count on average compared to whole
marrow. The osteogenic effect of bone marrow was tested in rabbits, using a chamber that had been implanted in a
peritoneal cavity (ectopic site) and in a delayed-union model (orthotopic site). Osteogenesis was accelerated in both
sites after concentration of marrow elements after centrifugation, but not after gravity sedimentation. Although a method
to increase the nucleated cell density within bone marrow aspirate was described, centrifugation was utilized to concen-
trate stem cells in marrow. Furthermore, the concentrate was not used in conjunction with an osteoconductive scaffold
material.

[0005] PCT Patent Application WO 96/27397 provides a plasma-buffy coat concentrate that comprises plasma, plate-
lets, and fibrinogen. When the concentrate is combined with a fibrinogen activator in sufficient concentration to initiate
clot formation, a wound sealant is formed. Also provided is a method for processing blood to produce the plasma-buffy
coat concentrate. The method comprises centrifuging anticoagulated blood to remove red blood cells and to produce a
plasma-buffy coat mixture. Water is removed from the mixture by hemofiltration to produce the plasma-buffy coat con-
centrate. A fibrinogen activator is mixed with the plasma-buffy coat concentrate to produce a wound sealant that can be
used for multiple clinical indications, including bone-grafting applications.

[0006] U.S. Patent Nos. 6,010,627 and 6,342,157 provide a device and a method for concentrating a blood fraction,
typically plasma, to provide a concentration of blood procoagulant proteins, such as fibrinogen, and cellular components,
such as platelets, white blood cells, or buffy coat cells. Water is removed from plasma by hemofiltration to produce a
plasma-buffy coat concentrate. The resultant concentrate is suitable for use in the preparation of coagulum-based wound
sealants. The method utilizes a hemofilter, which is a type of hollow fiber filter used for blood processing, in order to
concentrate cells and proteins within a blood fraction. The prior art defines an ultrafiltration unit having a semi-permeable
membrane with a molecular weight cut-off of about 30,000 daltons, which allows for the concentration of fibrinogen
protein, useful for coagulation upon addition of a fibrinogen activator to the cell/protein concentrate. However, U.S.
Patent Nos. 6,010,627 and 6,342,157 do not describe the fiber filter for the concentration of mesenchymal stem cells
and platelets from either whole blood or bone marrow aspirate. Accordingly, a larger cut-off filter (i.e., exceeding 30,000
daltons) may be used in the present invention to concentrate cells since the recovery of proteins is not critical. Because
larger cut-off filters have higher flow rates and require lower operating pressure than smaller cut-off filters, the filters in
the present invention will require less time and force to operate compared to the filters disclosed therein.

[0007] Muschler et al. (2002; U.S. Patent Nos. 5,824,084 and 6,049,026) provide a method for preparing a composite
BGS in which bone marrow aspirate is passed through a porous substrate. The osteoprogenitor cells are selectively
retained in the substrate, resulting in a composite graft that contains an enriched (i.e., greater) number of progenitor
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cells compared to an equivalent volume of bone marrow aspirate. A method is provided for passing marrow through an
implantable porous scaffold that acts as an affinity column for mesenchymal stem cells. The stem cells are selectively
retained in the substrate, resulting in a composite graft that contains an enriched (i.e., greater) number of stem cells
compared to an equivalent volume of bone marrow aspirate. However, the disclosure of Muschler does not describe
methods and compositions for the enrichment of platelets.

[0008] PCT Patent Application WO 00/61256 and U.S. Patent No. 6,398,972 describe an automated method and
apparatus for producing platelet-rich plasma or a platelet concentrate from a physiological solution, preferably blood.
Processing is carried out by a centrifuge that receives a disposable container having two chambers. Whole blood is
placed into one of the two chambers, and the centrifuge is then operated to cause the red blood cells to sediment to the
bottom of one chamber, resulting in a supernatant of platelet-rich plasma. The centrifugation is stopped, which causes
the platelet-rich plasmato drain to the second chamber. The platelet-rich plasmain the second chamber is then centrifuged
a second time by restarting the centrifuge. The centrifuge is stopped, resulting in: (1) red blood cells in one chamber;
(2) platelet concentrate at the bottom of the second chamber; and (3) platelet poor plasma as the supernatant in the
second chamber. A portion of the platelet poor plasma is removed from the second chamber, leaving a remaining portion
of the platelet poor plasma and platelet concentrate in the second chamber. The remaining platelet concentrate is
suspended in the platelet-poor plasma remaining in the second chamber to obtain platelet rich plasma.

[0009] Thus, the present invention as described herein provides a need in the art of clinical therapy, particularly bone
therapy, lacking in the present methods.

BRIEF SUMMARY OF THE INVENTION

[0010] The present invention is directed to a method that is beneficial for use in the repair of, for example, osseous
defects. More particularly, the present invention provides a method to prepare a cell concentrate from a physiological
solution (preferably bone marrow aspirate, blood, or a mixture thereof) at the point of care and, without the need for
centrifugation. Although the cell concetrate is preferably utilized for osteogenic treatments, in alternative embodiments
the cell concentrate is analyzed, such as for diagnosis, drug testing, or prognosis purposes, for example.

[0011] In a particular embodiment of the invention, there is a method of preparing a cell concentrate, comprising the
steps of providing a physiological solution not previously subjected to centrifugation; subjecting said physiological solution
to afilter to produce a filter retentate and a permeate solution, wherein said filter retentate comprises platelets, nucleated
cells, or both per unit volume greater than in the physiological solution and wherein said permeate solution comprises
plasma and red blood cells; and removing the filter retentate from the filter. In a specific aspect, the filter is a leukocyte
reduction filter.

[0012] The providing step comprises combining an additional solution with the physiological solution, wherein the
additional solution comprises water or a hypotonic solution, such as sodium chloride.

[0013] In another embodiment of the present invention, there is a method of preparing a cell concentrate, comprising
the steps of providing a physiological solution; subjecting the physiological solution to a first filtration device to isolate
nucleated cells, platelets, or both from the physiological solution, the isolating step producing afirst product; and subjecting
said first product to a second filtration device to produce a second product, the second product comprising a number of
nucleated cells, platelets, or both per unit volume greater than in the physiological solution. In a specific embodiment,
the first filtration device is a nucleated cell filtration device, which may be further defined as a leukocyte reduction filtration
device, and in another specific embodiment, the second filtration device is further defined as a hollow fiber filtration device.
[0014] Afiltration device, such as, for example, the second filtration device, may comprise a pore size between about
0.05 pwm and about 5 wm or, more preferably between about 0.2 pm and about 0.5 pm.

[0015] Methods of the invention lack a centrifugation step.

[0016] The physiological solution comprises bone marrow aspirate, blood, or a mixture thereof, in specific embodi-
ments, and in some embodiments the nucleated cells comprise stem cells, connective tissue progenitor cells, osteopro-
genitor cells, chondroprogenitor cells, or a mixture thereof. The stem cells are mesenchymal stem cells, hematopoietic
stem cells, or both, in some embodiments. In other embodiments the method further comprises the step of delivering
the second product to a bone defect in an individual and/or comprises the step of admixing a scaffold material to said
second product to produce a scaffold material/second product mixture. In some embodiments, the method may also
comprise the step of delivering the scaffold material/second product mixture to a bone defect in an individual.

[0017] The scaffold material may be comprised of a block, paste, dust, cement, powder, granule, putty, liquid, gel,
solid, or a mixture thereof and/or it may be comprised of a ceramic, a polymer, a metal, allograft bone, autograft bone,
demineralized bone matrix, or a mixture thereof. The scaffold material may be biodegradable and is preferably osteo-
conductive, osteoinductive, or osteogenic. In a specific embodiment, the scaffold material is comprised of synthetic
material, natural material, or a combination thereof.

[0018] In a specific embodiment, the method further comprises the step of admixing a biological agent with the second
product, the scaffold material, or a combination thereof, and the biological agent admixed with the scaffold material may
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be further defined as the biological agent being comprised on the scaffold material, in the scaffold material, or both. In
particular embodiments, the scaffold material itself is the biological agent.

[0019] There is a cell concentrate generated by methods described herein.

[0020] In the present invention, there is a method of increasing platelet concentration from a physiological solution,
comprising the steps of providing a physiological solution; subjecting the physiological solution to a nucleated cell filtration
device to isolate platelets, from the physiological solution, the isolating step producing a first product; and subjecting the
first product to a fibrous filtration device to produce a second product, the second product comprising a number of
platelets per unit volume greater than in the physiological solution.

[0021] The providing the bone marrow aspirate step may be further defined as aspirating the bone marrow from an
individual into a first syringe to produce a bone marrow aspirate. Preferably, the first syringe comprises an anti-coagulant,
an isotonic solution, or both.

[0022] In a further specific embodiment, the subjecting the bone marrow aspirate to a nucleated cell filtration device
is further defined as introducing the bone marrow aspirate to a first housing device, said first housing device connected
in-line to a leukocyte reduction filter and said leukocyte reduction filter connected indine to a second housing device,
wherein the leukocyte filter permits passage of plasma and red blood cells through said filter but inhibits passage of
nucleated cells, platelets, or both; introducing a purge solution to the filter to produce a purge solutionhucleated cell/
platelet mixture; and retrieving the purge solution/nucleated cell/platelet mixture from said filter.

[0023] The subjecting the first product to a filtration device may comprise subjecting the first product to a hollow fiber
filtration device and/or the subjecting the first product to a filtration device may comprise subjecting the first product to
the filtration device, the device comprising a filter, wherein the feed direction of the first product through the filtration
device is nonparallel to the flow of the first product across the membrane.

[0024] In a specific embodiment, the providing the blood step may be further defined as aspirating the blood from an
individual into a first syringe to produce a blood aspirate, for example. The first syringe may comprise an anti-coagulant,
an isotonic solution, or both. In a specific embodiment, the subjecting the blood aspirate to a nucleated cell filtration
device is further defined as introducing the blood aspirate to a first housing device, said first housing device connected
in-line to a leukocyte reduction filter and said leukocyte reduction filter connected in-line to a second housing device,
wherein the leukocyte filter permits passage of plasma and red blood cells through said filter but inhibits passage of
nucleated cells, platelets, or both; introducing a purge solution to the filter to produce a purge solution/nucleated cell/
platelet mixture; and retrieving the purge solution/nucleated cell/platelet mixture from said filter.

[0025] The providing the bone marrow aspirate/blood mixture step may be further defined as aspirating the bone
marrow and blood from an individual into a first syringe to produce a bone marrow aspirate/blood aspirate. The first
syringe may comprise an anti-coagulant, an isotonic solution, or both. The subjecting the bone marrow aspirate /blood
aspirate to a nucleated cell filtration device may be further defined as introducing the bone marrow aspirateblood aspirate
to a first housing device, said first housing device connected in-line to a leukocyte reduction filter and said leukocyte
reduction filter connected in-line to a second housing device, wherein the leukocyte filter permits passage of plasma
and red blood cells through said filter but inhibits passage of nucleated cells, platelets, or both; introducing a purge
solution to the filter to produce a purge solution/nucleated cell/platelet mixture; and retrieving the purge solution/nucleated
cell/platelet mixture from said filter.

[0026] Inan additional embodiment of the presentinvention, there is a method of treating a bone defect in anindividual,
comprising the steps of obtaining a physiological solution comprising nucleated cells, platelets, or both; subjecting the
physiological solution to a nucleated cell-filtration device to isolate nucleated cells, platelets, or both, said isolating step
producing a first product; subjecting the first product to a hollow fiber filtration device to produce a second product, the
second product comprising a number of nucleated cells, platelets, or both per unit volume greater than in the physiological
solution; and delivering the second product to the bone defect in the individual. The method lacks a centrifugation step.
[0027] The bone defect may comprise a break, fracture, void, diseased bone, loss of bone, brittle bone, weak bone,
bone injury, or bone degeneration. The method may further comprise the step of admixing a scaffold material with the
second product. The physiological solution is blood, bone marrow aspirate, or a mixture thereof, in some embodiments.
[0028] The physiological solution is preferably obtained from the individual. In a specific embodiment, the method
occurs at a point-of-care in a hospital facility or a health care provider facility. In another specific embodiment, the method
further comprises administering to the individual an additional bone defect therapy. The additional bone defect therapy
comprises fracture repair, surgery, bone excision, implant delivery, external stimulation, or a combination thereof. In
specific embodiments, the nucleated cells comprise leukocytes, stem cells, connective tissue progenitor cells, osteo-
progenitor cells, chondroprogenitor cells, or a mixture thereof. The stem cells may be mesenchymal stem cells, hemat-
opoietic stem cells, or a mixture thereof. The delivering the second product to the individual may comprise applying the
second concentrated product directly to the bone defect. In a specific embodiment, the applying is with a scoop, scoopula,
syringe, rod, or spatula.

[0029] In another specific embodiment, the method further comprises the step of admixing a biological agent with the
second product, the scaffold material, or a combination thereof. The biological agent admixed with the scaffold material
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may be further defined as the biological agent being comprised on the scaffold material, in the scaffold material, or both.
[0030] In an additional embodiment of the present invention, there is a method of preparing an osteogenic cell con-
centrate from a physiological solution comprising subjecting the physiological solution to at least one filtration step,
wherein the method preferably lacks centrifugation.

[0031] In a particular embodiment, there is a method of preparing a cell concentrate, comprising the steps of providing
a physiological solution not previously subjected to centrifugation; subjecting the physiological solution to a leukocyte
reduction filter to produce a filter retentate and a permeate solution, wherein the filter retentate comprises platelets,
nucleated cells, or both per unit volume greater than in the physiological solution and wherein the permeate solution
comprises plasma and red blood cells; and removing the filter retentate from the filter.

[0032] The foregoing has outlined rather broadly the features and technical advantages of the present invention in
order that the detailed description of the invention that follows may be better understood. Additional features and ad-
vantages of the invention will be described hereinafter which form the subject of the claims of the invention. It should
be appreciated by those skilled in the art that the conception and specific embodiment disclosed may be readily utilized
as a basis for modifying or designing other structures for carrying out the same purposes of the present invention. It
should also be realized by those skilled in the art that such equivalent constructions do not depart from the scope of the
invention as set forth in the appended claims. The novel features which are believed to be characteristic of the invention,
both as to its organization and method of operation, together with further objects and advantages will be better understood
from the following description when considered in connection with the accompanying figures. It is to be expressly un-
derstood, however, that each of the figures is provided for the purpose of illustration and description only and is not
intended as a definition of the limits of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] Foramore complete understanding of the presentinvention, reference is now made to the following descriptions
taken in conjunction with the accompanying drawings, in which:

[0034] FIG. 1 provides an exemplary schematic showing the filtration of marrrow aspirate through a leukocyte reduction
filter to selectively isolate nucleated cells (including mesenchymal stem cells) and/or platelets from a physiological
solution.

[0035] FIG. 2 provides a schematic showing an exemplary hand-held operation of a hollow fiber filtration device.
[0036] FIG. 3illustrates a schematic showing the filtration of isolated nucleated cells and/or platelets through a hollow
fiber filter to increase the concentration of the cells.

[0037] FIG.4 provides an exemplary schematic showing operation of first filter (leulcoreduction-type filter) to selectively
recover osteogenic cells (i.e., platelets and nucleated cells) from a physiological solution.

[0038] FIG. 5illustrates an exemplary schematic showing operation of a second filter (hollow fiber filter) to concentrate
osteogenic cells (i.e., platelets and nucleated cells) recovered from first filter. The syringe containing the recovered
osteogenic cells is connected to the hollow-fiber filter, which is operated in cross-flow mode. In cross-flow filtration, the
feed stream is recirculated between a feed syringe and retentate syringe tangentially to the membrane, establishing a
pressure differential across the membrane. This causes some of the particles to pass through the membrane. Remaining
particles continue to flow across the membrane. Using an appropriate membrane pore size (0.2 to 0.5 um), recovery
solution, but not cells, are able to pass through the filter membrane of the hollow fiber filter.

[0039] FIG. 6 provides an exemplary schematic showing a concentrate osteogenic cell suspension resulting from
operation of second filter. Cross-flow filtration fractionates a portion of the recovery solution from the suspended cells,
thereby increasing the concentration of the cells in the retentate syringe.

[0040] FIG.7isanexemplary schematic showing operation of secondfilter (hollow fiber filter) to concentrate osteogenic
cells (i.e., platelets and nucleated cells) recovered from first filter. The syringe containing the recovered osteogenic cells
is connected to the hollow-fiber filter, which is operated in dead-end mode (this is accomplished by capping retentate
syringe port). Unlike cross-flow filtration, dead end filtration does not involve the recirculation of the feed stream is
recirculated between a feed syringe and retentate syringe tangentially to the membrane. Pressure from the advancing
feed syringe establishes a pressure differential across the membrane. This causes some of the particles to pass through
the membrane. Using an appropriate membrane pore size (0.2 to 0.5 wm), recovery solution, but not cells, are able to
pass through the filter membrane of the hollow fiber filter.

[0041] FIG. 8 is an exemplary schematic showing a concentrate osteogenic cell suspension resulting from operation
of second filter in dead end mode. Dead end filtration fractionates a portion of the recovery solution from the suspended
cells, thereby increasing the concentration of the cells remaining in the feed syringe.

[0042] FIG.9 provides an exemplary schematic showing operation of fat reduction filter to decrease fat particle content
in physiological solution and a leukofilter to selectively recover osteogenic cells (i.e., platelets and nucleated cells) from
said physiological solution.

[0043] FIG. 10 illustrates a specific embodiment wherein the filtration process utilizes an aggregate filter, such as a
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cellular and/or non-cellular fat reduction filter.

[0044] FIG. 11 shows representative fields of view of nucleated cell counts of blood, pre-processed BMA, and post-
processed BMA.

[0045] FIG. 12 illustrates a schematic of an exemplary filter configuration used to prepare platelet rich concentrate
from blood.

[0046] FIG. 13 demonstrates platelet recovery for two exemplary starting blood volumes.

[0047] FIG. 14 shows concentration of PDGF-AB in whole blood and recovered platelets.

[0048] FIG. 15 shows concentration of TGF-B1 in whole blood and recovered platelets.

[0049] FIG. 16 shows concentration of VEGF in whole blood and recovered platelets.

DETAILED DESCRIPTION OF THE INVENTION
I. Definitions

[0050] As used herein the specification, "a" or "an" may mean one or more. As used herein in the claim(s), when used
in conjunction with the word "comprising", the words "a" or "an" may mean one or more than one. As used herein "another"
may mean at least a second or more. Furthermore, as used herein, the terms "including", "containing", and "having" are
open-ended in interpretation and interchangeable with the term "comprising".

[0051] The term "allograft bone material" as used herein is defined as bone tissue that is harvested from another
individual of the same species. Allograft tissue may be used in its native state or modified to address the needs of a
wide variety of orthopaedic procedures. The vast majority of allograft bone tissue is derived from deceased donors.
Bone is about 70% mineral by weight. The remaining 30% is collagen and non collagenous proteins (including bone
morphogenic proteins, BMPs). Allograft bone that has been cleaned and prepared for grafting provides a support matrix
to conduct bone growth, but is not able to release factors that induce the patient’s biology to form bone cells and create
new bone tissue. In a preferred embodiment, the allograft is cleaned, sanitized, and inactivated for viral transmission.
[0052] The term "biological agent" as used herein is defined as an entity that is added to the bone graft substitute to
effect a therapeutic end, such as facilitation of bone ingrowth, prevention of disease, administration of pain relief chem-
icals, administration of drugs, and the like. Examples of biological agents include antibiotics, growth factors, fibrin, bone
morphogenetic factors, angiogenic factors, bone growth agents, bone proteins, chemotherapeutics, pain killers, bisphos-
phonates, strontium salt, fluoride salt, magnesium salt, and sodium salt.

[0053] Theterm "blood" as used herein refers to circulating tissue composed of a fluid portion (plasma) with suspended
formed elements (red blood cells, white blood cells, platelets). In a specific embodiment of the invention, the physiological
solution refers to whole blood, such as, for example, that provided by a donor, obtained from the circulatory system of
a patient, or a mixture thereof. The blood may be obtained by any suitable means, such as in the form of a blood aspirate,
for example.

[0054] The term "bone graft substitute (BGS)" as used herein is defined as an entity for replacing bone tissue and/or
filling spaces in a bone tissue. The term "bone defect" as used herein is defined as a bone defect such as a break,
fracture, void, diseased bone, loss of bone, brittle bone or weak bone, injury, disease or degeneration. Such a defect
may be the result of disease, surgical intervention, deformity or trauma. The degeneration may be as aresult of progressive
aging. Diseased bone could be the result of bone diseases such as osteoporosis, Paget’s disease, fibrous dysplasia,
osteodystrophia, periodontal disease, osteopenia, osteopetrosis, primary hyperparathyroidism, hypophosphatasia, fi-
brous dysplasia, osteogenesis imperfecta, myeloma bone disease and bone malignancy. The bone deficiency may be
due to a disease or condition, such as a disease that indirectly adversely affects bone. Furthermore, the bone malignancy
being treated may be of a primary bone malignancy or may be metastatic, originating from another tissue or part of the
body.

[0055] The term "bone marrow" as used herein refers to soft, gelatinous tissue that fills bone cavities. It is comprised
of red bone marrow, which comprises stem cells, progenitor cells, precursor cells, and functional blood cells, and yellow
bone marrow, which mainly stores fats. Thus, red bone marrow is myeloid tissue that is actually producing blood cells.
Red marrow produces red blood cells, white blood cells, and platelets. A skilled artisan is aware that children comprise
much red marrow throughout the body, but in adults it is most concentrated in the flat bones, such as the hipbone.
Leukocytes (white blood cells) are also produced in bone marrow and, in some embodiments, are involved in immune
defenses. In fact, marrow transplants can treat some types of immunodeficiency. Bone marrow is also referred to as
medulla ossium. In a specific embodiment, the bone marrow comprises bone marrow aspirate (bone marrow drawn via
syringe from an individual's bone), which a skilled artisan recognizes inevitably contains some peripheral blood.
[0056] The term "bone marrow aspirate" as used herein refers to the material obtained upon aspirating bone marrow
from a bone, such as by needle.

[0057] The term "nucleated cell/platelet fraction" as used herein refers to a solution derived from bone marrow, blood,
or a mixture thereof that comprises at least nucleated cells and/or platelets. The nucleated cell fraction comprises
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mesenchymal stem cells, nucleated connective tissue progenitor cells, nucleated hematopoietic cells, or endothelial
cells, or a mixture thereof. In a specific embodiment, the fraction comprises leukocytes. In a specific embodiment, the
nucleated cell/platelet traction does not substantially comprise plasma or red blood cells. The final cell concentration in
some embodiments will contain by volume less than approximately 30% of the original plasma and RBC volume. The
cell fraction (which may contain some plasma and red cells) can be made to coagulate by mixing it with an appropriate
clotting initiator, such as following the filtration steps and prior to application to a bone defect. An ionic calcium solution
(such as calcium chloride solution) and/or thrombin could initiate clotting to form a coagulum.

[0058] The term "centrifugation" as used herein refers to the rotation in a compartment of an apparatus, said com-
partment spun about an axis for the purpose of separating materials.

[0059] The term "concentrate" as used herein refers to a composition that comprises a greater concentration of a
specific component, for example, a particulate or particulates, compared to a parent source.

[0060] The term "cross-flow filtration" or "cross-flow mode" as used herein refers to tangential flow filtration, which
regards the recirculation of a retentate across the surface of the membrane filter. In specific embodiments, it refers to
the direction of feed of a product through a device being perpendicular to the direction of flow across the membrane. In
some embodiments the term is defined as filtration comprising multiple passes over a membrane.

[0061] The therm "dead-end filtration" or "dead-end mode" as used herein refers to filtration wherein the direction of
feed of the product and the direction of flow across the membrane are parallel. In some embodiments the term is defined
as filtration comprising a single pass over a membrane. In other embodiments, dead-end filtration comprises substantially
no tangential flow filtration.

[0062] The term "filter retentate" as used herein refers to the composition that is retained by a filter upon passage of
a physiological solution across the filter. In particular embodiments, it comprises nucleated cells, platelets, or both. In
certain embodiments, the filter retentate comprises very minor amounts of plasma and/or red blood cells. In a specific
embodiment, the volume of a filter retentate is about 1 mL or greater.

[0063] The term "filtration" as used herein refers to the process of passing a liquid comprising particular matter through
a porous material for the purpose of separating the liquid from at least some of the particular matter, for separating some
particular matter from other particular matter, or both.

[0064] The term "hollow fiber filtration device" as used herein is a filtration device comprising a hollow tubular outer
covering, wherein inside the hollow tubular outer covering there are individual tubes whose walls are filters; the individual
tubes lay in a direction parallel to the length of the tube. In specific embodiments, the direction of feed of a product
through a device is perpendicular to the direction of flow across the membrane. In some embodiments it generally
comprises tangential flow filtration, which regards the recirculation of a retentate across the surface of the membrane
filter. In alternative embodiments, there is no tangential flow filtration.

[0065] The term "mesenchymal stem cell" as used herein refers to pluripotent progenitor cells located in bone marrow
that can differentiate into a variety of non-hematopoietic tissues including bone, cartilage, tendon, fat, muscle, and early
progenitors of neural cells.

[0066] The term "microfiltration" as used herein refers to separation of particles from a fluid, wherein at least one
microfiltration device comprises at least one filter having a pore size of about 0.05 pm to about 5 um. In a specific
embodiment of the present invention, cells and/or cell fragments are separated from at least some fluid, wherein the
microfiltration capabilities of the filter permit passage of the fluid through the pores, thereby retaining the cells and/or
cell fragments.

[0067] The term "osteoconductive” as used herein refers to the ability of a material, such as a scaffold material, to
allow new bone ingrowth.

[0068] The term "osteogenic" as used herein refers to a material that stimulates growth of new bone tissue.

[0069] Theterm "osteoinductive" as used herein refers to the ability to form bone in an ectopic (i.e., non-bony) body site.
[0070] The term "permeate solution" as used herein refers to the particles and liquid that is smaller than the pore size
of a filter and therefore passes through the filter membrane.

[0071] The term "plasma" as used herein refers to blood plasma, which is the pale yellow fluid component of whole
blood comprising water, proteins, electrolytes, sugars, lipids, metabolic waste products, amino acids, hormones, and/or
vitamins.

[0072] The term "purge solution" as used herein refers to a solution that facilitates exodus of a bone marrow or blood
derived cells from a filter. In specific embodiments, the purge solution is comprised at least in part of an isotonic saline
solution or a colloidal solution such as albumin or dextran, or a mixture thereof. A skilled artisan recognizes that the
purge solution may be comprised of water, electrolytes, proteins, carbohydrates, and/or gelatin, and so forth.

[0073] The term "scaffold material" as used herein refers to a material that facilitates bone growth upon administration
to a bone defect with a osteogenic concentrate, such as is derived from a bone marrow. In a specific embodiment, the
scaffold material is comprised at least in part of a synthetic material, a natural material, or both. In further specific
embodiments, the scaffold material is comprised of biocompatible material that facilitates, permits, or enhances the
laying down of new bone matrix, bone growth and/or bone ingrowth. In additional specific embodiments, ceramics, such
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as calcium sulfate or calcium phosphate, a polymer, a metal, allograft bone, autograft bone, demineralized bone matrix,
a mixture thereof, and so forth. In more specific embodiments, the scaffold material may be a block, paste, cement,
powder, granule, putty, gel, or so forth. In a specific embodiment, the scaffold material is osteoconductive, osteoinductive,
osteogenic, or a combination thereof. In other embodiments, the scaffold material breaks down over time when placed
in the body. In additional specific embodiments, the scaffold material is considered a matrix, a carrier, a solution, a solid,
a gel, and the like. In specific embodiments, the scaffold matrix comprises a viscous hydrogel, such as, for example, a
carboxymethylcellulose-based hydrogel. In a specific embodiment, the scaffold matrix comprises a JAX® Advanced
Bone Void Filler, and/or or JAX®-tcp (tri-calcium phosphate). In additional specific embodiments, the scaffold material
comprises a plurality of JAX® toy jack shaped bone graft substitutes. The scaffold material may be a dust, powder,
granule, chip, putty, tablet, mixture thereof, and so forth.

[0074] The term "second filter" as used herein refers to a filter that is subsequent to a first filter in a process comprising
concentrating cells. In particular embodiments, at least one additional step may be included between the first and second
filters, and in alternative embodiments this at least one additional step may comprise use of a filter. Further steps to
concentrate the cells may be utilized following the second filter.

[0075] Theterm "serum" as used herein refers to the aqueous component of an animal fluid remaining after coagulation
(that is, remaining after clot formation removes fibrinogen, prothrombin, and other clotting factors from blood plasma).
[0076] The term "stem cell" as used herein refers to an unspecialized cell that gives rise to a specific specialized cell.

Il. The Present Invention

[0077] The presentinvention provides novel methods directed to the generation and/or enrichment of a cell concentrate,
such as an osteogenic cell concentrate, from a physiological solution, such as bone marrow aspirate, blood, or a mixture
thereof. The procedure employs a system wherein the physiological solution is processed through at least one filtration
step, and the system lacks centrifugation.

[0078] Thus, in some embodiments the methods of the present invention comprise only one filtration step. In other
embodiments, the methods of the present invention comprise two or more filtration steps. In one embodiment of the
present invention, there is a method of preparing a cell concentrate by providing a physiological solution and subjecting
it to a filter to produce afilter retentate and a permeate solution, wherein the filter retentate comprises platelets, nucleated
cells, or both per unit volume greater than in the physiological solution and wherein said permeate solution comprises
plasma and red blood cells. Following this filtration step, the filter retentate may comprise substantially the majority of
platelets and nucleated cells from the original physiological solution, and the permeate solution may comprise substan-
tially the majority of plasma and red blood cells from the original physiological solution. Regarding the filter retentate,
there is at least about a fourfold, five-fold, six-fold, seven-fold, or more increase in concentration of platelets and/or
nucleated cells over that of the physiological solution from which they are filtered. In other terms, about 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95%, 97%, or 99% of platelets and/or nucleated cells are filtered from the physiological solution
using methods of the present invention. Regarding the permeate solution, about 70%, 75%, 80%, 85%, 90%, 95%, 97 %,
or 99% of plasma and red blood cells are filtered from the physiological solution, which may be defined as thereafter
being present in the permeate solution following filtration, using methods of the present invention.

[0079] In one embodiment of the present invention, a single filtration step of a physiological solution concentrates
nucleated cells, including leukocytes, and platelets while concomitantly removing plasma and red blood cells from the
physiological solution. The resultant concentrate from this single step may be applied directly to a bone defect, processed
further using a non-filtration step (such as, for example, adding a biological agent), combined with a scaffold material
before application to the bone defect, or subjected to at least one more filtration step, such as to further concentrate the
cells and/or exchange the solution in which the cells are comprised.

[0080] A skilled artisan recognizes based on the disclosure provided herein that a use of the invention is to obtain a
concentrated composition of platelets and nucleated cells, including leukocytes, from a physiological solution. This is in
contrast to many known processes in the art that remove leukocytes from blood, for example, as being undesired. The
filter retentate comprising the leukocytes is the desired composition, as opposed to a composition to be discarded. In
other words, the present invention removes leukocytes from a physiological solution such as blood for the purpose of
utilizing them, as opposed to being part of a waste product. This relates to a specific embodiment of the invention being
providing cells that release growth factors, such as leukocytes and platelets, which upon administration to a bone defect
results in cell migration to the wound, cell proliferation, and differentiation into bone cells. The known blood processing
methods that discard leukocytes are trying to reduce or inhibit an immunogenic response, given that the ultimate des-
tination for the composition is for systemic administration to an individual, such as one requiring a blood transfusion. In
contrast, the present invention relates to local administration to a wound, as opposed to systemic circulation, such as,
for example, with autotransfusion of a cell concentrate to a bone defect.

[0081] In other embodiments, the invention is unique in that it is the first to combine two existing blood processing
techniques (leukocyte reduction filtration and hollow fiber filtration) into one method in order to increase nucleated cell



10

15

20

25

30

35

40

45

50

55

EP 1729 831 B1

count (which can include mesenchymal stem cells, connective tissue progenitor cells, chondroprogenitor cells, and/or
osteoprogenitor cells) and platelet concentration, without the need for centrifugation. Furthermore, when the concentrated
physiological solution is combined with a scaffold material, such as an osteoconductive material, the invention results
in a composite BGS that enhances the formation of new bone compared to the scaffold or cell concentrate alone. In
additional specific embodiments, the cell concentrate is mixed with a compound, such as with a powder or liquid, to form
an injectable putty, which may optionally comprise atleast one clotting initiator. Examples of clotting initiators are solutions
comprising calciumions (e.g., calcium chloride solution) or thrombin, or both. In further specific embodiments, a biological
agent is combined with the cell concentrate, the scaffold material (in the material, on the material, or both), or the mixture
thereof prior to or upon administration to the bone defect.

[0082] Although there are methods in the art that employ centrifugation to concentrate stem cells for use as an
osteogenic bone marrow preparation, the currentinvention employsfiltration to concentrate both nucleated cells (including
stem cells) and platelets, resulting in a marrow concentrate. This filtration optionally obviates costs associated with
purchasing and maintaining a centrifuge in the surgery room, and it is also a less arduous method for processing marrow
than the centrifugation methods used by others. Furthermore, the current invention provides a method for concentrating
both osteogenic (mesenchymal stem cells) and osteoinductive (platelets) elements of bone marrow, whereas known
methods regard concentration of one or the other, but not both.

[0083] In comparison, the present invention disclosed herein uses filters, not implantable scaffolds, to isolate and
concentrate both stem cells and platelets. The current invention provides a method for concentrating both osteogenic
(mesenchymal stem cells) and osteoinductive (platelets) elements of marrow, whereas, for example, Muschler (Muschler
et al., 2002; U.S. Patent Nos. 5,824,084 and 6,049,026) describes a method to concentrate only mesenchymal stem
cells from marrow. When combined with an osteoconductive scaffold, a concentrated marrow suspension of both stem
cells and platelets should result in better bone healing compared to a marrow concentrate containing only stem cells.
Furthermore, the present invention results in a concentrated cellular suspension that can be delivered to a bone defect
by syringe injection through a needle. This should allow for minimally invasive delivery of the cell concentrate to a bone
defect. The invention described by Muschler requires the use of a non-injectable osteoconductive scaffold, which pre-
cludes delivery of the cell concentrate/scaffold to a bone defect via injection. In other embodiments, a minimally invasive
delivery, such as via syringe injection, is utilized.

[0084] Thus, a cell concentrate, the novel preparation of which is provided herein, is used to accelerate bone healing
in a variety of bone grafting applications.

[0085] In one step of the present invention, the physiological solution is obtained, such as from an individual to which
it will subsequently be delivered following concentration, and it is subjected to at least one filtration step, which may be
a first filtration step in a process comprising more than one filtration steps, that selectively recovers or isolates nucleated
cells, which comprise osteogenic cells, such as mesenchymal stem cells, and leukocytes; and platelets, which secrete
osteoinductive growth factors, such as the exemplary PDGF, TGF-B, insulin-like growth factor-1 (IGF-I), insulin-like growth
factor-Il (IGF-Il), and vascular endothelial growth factor (VEGF), or mixtures thereof. Certain non-osteogenic components,
such as red blood cells and plasma, which make up a large percentage of the sample volume, are not substantially
recovered during the sole (or first) filtration step.

[0086] In one embodiment of the present invention, the blood or bone marrow fraction to be concentrated comprises
an anticoagulant, provided preferably at the time of withdrawal, generally using an exemplary citrate-based anticoagulant.
Any citrate-based anticoagulant is suitable, for example. Standard donor blood collection bags, for example, contain
citrate-based anticoagulants. In a particular embodiment, the anticoagulant heparin is added, such as, for example,
when bone marrow aspirate is used.

[0087] The physiological solution, such as the blood or bone marrow, comprises a hypotonic solution, upon introducing
it to the physiological solution, the salt concentration thereby becomes lower outside the cells comprised in the physio-
logical solution than the salt concentration inside the cells. Thus, an osmotic gradient is generated wherein water flows
into the cells, and, in specific embodiments, causes them to swell such that they adhere better to the filter. This solution,
which may be referred to as Solution A in the Examples, may be, for example, water or a hypotonic sodium chloride
solution that is less concentrated than isotonic (normal), which is, for example, about 0.9%.

[0088] Depending on the configuration of the one or more filters, the sole or first filter (a leukocyte reduction filter, in
some embodiments) utilizes the tendency of certain types of cells (e.g., mesenchymal stem cells) to adhere to foreign
substances. When passed through the filter, nucleated cells, such as stem cells, and platelets are adsorbed on the fiber
surfaces within the filter, whereas red blood cells and plasma do not adsorb, and consequently pass through the filter.
A purge solution, which may also be referred to as a recovery solution, is then flushed through the filter to remove the
entrapped cells, thereby allowing recovery of the selected osteogenic/osteoinductive cells. These cells may then be
analyzed and/or be applied to a wound site (such as a bone defect), optionally combined with a scaffold material before
being applied to a wound site, or further processed. The recovery solution may in some embodiments be hypertonic or
isotonic, such that they are equal or greater than normal saline concerning sodium chloride concentration.

[0089] In other embodiments, the recovered osteogenic/osteoinductive cells are then subjected to a second filtration
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step, wherein the platelets are increased in concentration. The filtration device of this step may be of any kind, so long
as it concentrates nucleated cells, platelets, or both. In preferred embodiments, this step comprises subjecting the
solution obtained from the first step to a hollow filtration device, such as those known in the art. The device preferably
separates cells from a portion of the liquid in which they are suspended, thereby increasing the cellular concentration.
A skilled artisan recognizes that the process is beneficial to the individual, given that a greater amount of therapeutic
material may be delivered in a significantly smaller volume. In many embodiments, without such concentration of product,
such a large volume would be prohibitive to apply to the defect. This second step may be performed multiple times.
[0090] In preferred embodiments, the second filtration device comprises a tubular filter, as opposed to a disk filter. In
additional specific embodiments, the tubular filter is housed in an outer tube comprising hollow tubes within it and, in
preferred embodiments, the flow through the tubular filtration device is parallel to the flow through the tubes within the
tubular filtration device. In a specific embodiments, the pore size on the walls of the tubes is about 0.05 pum to about 5
wm, is more preferably about 0.1 wm to about wm, and is most preferably about 0.2 wm to 0.5 pm.

[0091] In some embodiments of the present invention, the osteogenic cell concentrate is combined with a scaffold
material and delivered to a bone defect. Any delivery method is appropriate as long as it maintains the integrity of the
composition and provides therapy for the bone defect. The delivery method may be via syringe, scoop, spatula, scoopula,
rod, tube, and so forth. In other embodiments, a viscous setting material is added to the osteogenic concentrate or to
the osteogenic concentrate/scaffold material composition to facilitate retention of the concentrate or concentrate/scaffold
mixture at the bone defect site. The viscous setting material may comprise a clotting factor (such as calcium, thrombin,
or mixture thereof), bone marrow aspirate, blood, platelet rich plasma, fibrinogen/thrombin, a cement, a slurry, a paste,
a combination thereof, and the like. In a specific embodiment, a cement, slurry, or paste, such as one or more comprising
a calcium salt including calcium sulfate and/or calcium phosphate, is utilized in the present invention, such as for the
viscous setting material.

[0092] Any of the surfaces of the filtration devices used in the present invention that contact a physiological solution
and/or the resulting concentrate are preferably inert to the components and are preferably not substantially cytotoxic.
In preferred embodiments, for example, where it is desirable to include cells such as nucleated cells and/or platelets
concentrate, the contact surfaces are substantially noncytotoxic. Suitable materials include polycarbonates, poly-
urethane, acrylics, ABS polymers, polysolfone, polyethersulfone, mixed cellulose ester, polyester, and the like.

[0093] In embodiments wherein the sterility of the osteogenic concentrate or other composition must be maintained,
as in the preparation of the concentrate for a bone defect therapy, any filtration surface that contacts any of the relevant
compositions and/or the concentrate is preferably sterile or readily sterilizable. Commercially available filtration units
can be sterilized by treating with agents such as gamma irradiation, ethylene oxide, formalin, hydrogen peroxide, sodium
hypochlorite, heat, steam, and so forth. Sterile filtration units are commercially available for hematologic uses. Syringes
and other fluid delivery systems are generally commercially available in sterile form as are various valves and stopcocks
that are designed to attach to syringes and other blood processing products.

[0094] In alternative embodiments of the present invention, a bone marrow concentrate is generated by the methods
described herein. The bone marrow concentrate is then utilized for an application other than a bone defect, such as for
use in or augmentation of a bone marrow transplant.

[0095] Alternatively, the cell concentrate comprising or consisting essentially of platelets and nucleated cells but not
plasma or red blood cells is not prepared at the point of care, such as being obtained as a commercially prepared
composition or being prepared from an individual prior to a point of care service and administered to a bone defect of
the same individual or another individual thereafter.

[0096] In particular embodiments of the present invention, there is a cell concentrate prepared by a method described
herein.

lll. Specific Embodiments

[0097] The previous discussion was directed to the general embodiments of the processes described herein. The
following section provides specific embodiments to the procedures, although one of skill in the art would be able to make
adjustments to the following steps for optimization of a method for concentrating a product. For example, these specific
embodiments may be directed to processing from whole blood, and a skilled artisan recognizes which modifications
would be helpful to optimize this method.

[0098] Inageneral embodiment of the presentinvention, a single step filtration process concentrates the desired cells,
said cells exemplified by nucleated cells and platelets, through their isolation from a starting solution, such as bone
marrow, whole blood, or a mixture thereof. This filtration step thereby removes plasma and red blood cells from the
desired cells. The resultant filtrate comprising the desired cells is applied to a bone defect, optionally in a composition
also comprising a scaffold material. An exemplary schematic of this embodiment is illustrated in FIG. 1.

[0099] In one specific embodiment, the following steps are utilized in the method:

[0100] Step 1, Obtain bone marrow: An appropriate amount of bone marrow (approximately 5 cc or greater, such as
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for bone grafting applications) is obtained, such as, for example, is aspirated into a syringe filled with an equal or lesser
volume of an isotonic saline and a suitable anti-coagulant (e.g., citrate-based or heparin-based). In some embodiments,
the bone marrow is obtained by another process, such as commercial purchase. In other embodiments, whole blood is
the primary source of the concentrate, and it is processed, such as mixed with a suitable volume of anti-coagulant (e.g.,
citrate-based or heparin-based), prior to subjection to the nucleated cell-reduction filter of the next step.

[0101] Step 2, Filtration of marrow aspirate through a nucleated cell (such as a leukocyte) reduction filter to selectively
recover nucleated cells, such as mesenchymal stem cells, and platelets (FIG. 1): The marrow aspirate is injected into
a housing device, such as the small collection bag 10. An in-line leukocyte reduction filter 12 is placed between the
collection bag 10 and a second housing device, such as the drain bag 14. The marrow aspirate is gravity-fed through
the nucleated cell reduction filter 12 into the drain bag 14. The nucleated cell/platelet fraction (containing mesenchymal
stem cells and platelets) is trapped within the filter 12 while the remaining blood constituents pass through. A syringe
18 is then used to backflush the filter with a suitable volume (> about 5 ml) of a purge solution (e.g., Dextran 40 and
albumin solution) to allow the recovery of the buffy coat cells in a second sterile syringe 16.

[0102] Step 3, Filtration of cells suspended in purge solution through a hollow fiber filter to increase the concentration
of the nucleated cells and platelets: The operation of the hollow fiber filtration device is shown schematically in FIG. 2.
The syringe containing the cell-laden purge solution (labeled syringe A 20) is attached to one end of the filtration device
22, for example, by a Luer lock 23 at a first port 21. A second syringe (labeled syringe B 24) is attached to the opposing
end through a second port 25 to collect the retenate (the cells that do not pass through the filter 30). A third syringe
(labeled syringe C 26) is connected and is attached to a third port 27 to receive the filtrate (the liquid component, i.e.,
purge solution, that passes through the filter). The sample is passed back and forth between the two opposing retenate
syringes (syringes A 20 and B 24) to allow circulation of the retentate and separation of the cellular and liquid components.
The liquid component is passed through the semi-permeable filter membrane 30 into syringe C 26; cells cannot pass
through the semi-permeable filter membrane 30 and are collected within the fibers 32 of thefilter. In a specificembodiment,
although other means are applicable, the following steps are performed in order to expel the cell concentrate from the
filter 30 into a sterile syringe: (i) syringe C 26 is removed from the filtrate port 27 and the port 27 is capped; (ii) an empty
retenate syringe (either A 20 or B 24) is removed from a retenate port (either 21 or 25, respectively); (iii) a syringe filled
with a purge solution (preferably isotonic saline) is connected to the said available retenate port (either 21 or 25, respec-
tively); and (iv) the purge solution, the volume of which is approximately equal to the priming volume of the filter 30, is
injected into the filter 30 to expel the cell concentrate into the second retenate syringe (either A 20 or B 24, respectively).
[0103] FIG. 3 illustrates a general embodiment showing that this filtration step fractionates the nucleated cell/ platelet
fraction and purge solution, thereby allowing the reduction of the volume of solution in which the cells are suspended.
Again, a container 16 (which in some embodiments may be syringe A 20 or B 24 as described in FIG. 2) comprising the
purge solution and buffy coat from the first filtration step delivers the solution to the hollow fiber filter 22, through which
the solution is filtered. Ultimately, the purge solution will reside in a container 27, such as the illustrative syringe, and
the desired cell concentrate is delivered to a container 29, such as the illustrative syringe, for eventual delivery to a
defect. Thus, the net effect is an increase in the number of cells per unit volume of fluid.

[0104] Step 4, Mixing of cell concentrate with scaffold material: The concentrated cellular suspension is injected into
a container holding a scaffold material, such as a granular material. In some embodiments, a variety of scaffold materials
are used. The concentrate flows into the free space within and/or between individual scaffold granules. If the free volume
available exceeds that of the cellular concentrate, then a carrier material (wherein the carrier material acts as a handling
agent, acts to increase differentiation of mesenchymal cells towards an osteoblastic lineage, or both) may be mixed with
the cell concentrate to achieve a volume that is equivalent to fill the free intergranular and/or intragranular space of the
scaffold material. Examples of carrier materials include bio-fluids, such as coagulated blood, marrow, platelet-rich plasma,
or a synthetic material, such as a hydrogel, powder, or granules. The cell concentrate may be combined with the carrier
material by syringe mixing or by mixing in a container, using a rod, spatula, or other suitable instrument. The mixture is
then injected into a container holding the granular scaffold material and allowed to flow into the intragranular and/or
intergranular space. The cell concentrate/scaffold mixture can be delivered to an exposed defect or can be delivered
percutaneously via syringe.

[0105] Whole blood (rather than marrow aspirate) could be processed in a similar manner as described in the previous
embodiment. The resulting concentrate would be rich in platelets (but not mesenchymal stem cells) and could be mixed
with a scaffold material as described in the previous embodiment.

[0106] A combination of bone marrow and blood could also be processed as described in the first embodiment. The
resulting concentrate would be rich in both platelets and mesenchymal stem cells and could be mixed with a scaffold
material as described in the first embodiment.

[0107] In a specific embodiment, following delivery of a cell concentrate/scaffold material mixture to a bone defect,
the defect and/or the bone or bone tissue it is comprised in is tested. For example, the bone may be tested for quantity
and/or quality of the bone, such as at the bone defect. The tests may comprise assaying bone density, strength, rate of
bone formation, quality of bone, and so forth. Any suitable test may be utilized, and, in some embodiments, histology,
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radiographs and/or mechanical tests are employer. The percentage of the bone defect filled with bone following delivery
of the cell concentrate/scaffold material mixture may be assayed, and, in some embodiments, it is compared to sur-
rounding bone. In some embodiments, there is a test for increased deposition of calcium following administration of
concentrate or concentrate/scaffold mixture.

[0108] In particular embodiments, a bone marrow aspirate is obtained for processing through a method described
herein. Although bone marrow aspirate may be obtained by other means, a specific marrow aspiration technique is
described: following induction of anesthesia and sterile skin preparation, a small incision (less than about 1 cm) is made
along the posterior iliac crest. A bone marrow aspiration needle is advanced through this incision into the intramedullary
cavity of the iliac crest. A small sample of bone marrow (less than about 4 mL) should be aspirated into a 10-mL syringe
containing heparinized saline (about 1000 units/mL). After collection of marrow, the syringe is inverted several times to
ensure mixing with the anticoagulant. Additional aspirations can be taken using the same technique through separate
cortical perforations spaced at least about 1 cm apart.

[0109] In particular embodiments, blood is obtained for processing through a method described herein. Although blood
may be obtained by other means, a specific blood aspiration step is described: following sterile skin preparation, a small
needle (18-21 gauge) infusion set is used to draw blood from a suitable large peripheral vein, typically the antecubital
or cephalic vein. Blood is drawn into a 60 cc syringe filled with citrate anticoagulant at a ratio of approximately 10:1
(blood:anticoagulant). After collection of blood, the syringe is inverted several times to ensure mixing with the anticoag-
ulant.

IV. Apparatuses

[0110] Anapparatus thatis utilized in a method of the present invention may comprise at least one filtration component.
One or more filters may be utilized in the apparatus or a component thereof. A filter may be designed to utilize "cross-
flow filtration" or "cross-flow mode" in which there is recirculation of a retentate across the surface of the membrane
filter. In alternative embodiments, a filter is designed to utilize "dead-end filtration" or "dead-end mode", which refers to
having substantially no tangential flow filtration.

[0111] Microfiltration may be utilized in the invention, which regards separation of particles from a fluid. At least one
microfiltration device comprises at least one filter having a pore size of about 0.05 pm to about 5 pm. In a specific
embodiment of the present invention, cells and/or cell fragments are separated from at least some fluid, wherein the
microfiltration capabilities of the filter permit passage of the fluid through the pores, thereby retaining the cells and/or
cell fragments.

[0112] Afiltration device may be of any kind, so long as it concentrates nucleated cells, platelets, or both. In preferred
embodiments, a device preferably separates cells from a portion of the liquid in which they are suspended, thereby
increasing the cellular concentration.

[0113] Inpreferred embodiments, afiltration device may comprise a tubular filter, as opposed to a disk filter. In additional
specific embodiments, the tubular filter is housed in an outer tube comprising hollow tubes within it and, in preferred
embodiments, the flow through the tubular filtration device is parallel to the flow through the tubes within the tubular
filtration device. In a specific embodiments, the pore size on the walls of the tubes is about 0.05 wm to about 5 pm, is
more preferably about 0.1 wm to about 1 um, and is most preferably about 0.2 um to 0.5 pm.

[0114] Insome embodiments of the presentinvention, a hollow fiber filtration device is utilized and may be commercially
obtained. The device comprises, in particular embodiments, a hollow tubular outer covering, wherein inside the hollow
tubular outer covering there are individual tubes whose walls are filters; the individual tubes lay in a direction parallel to
the length of the tube. In specific embodiments, the direction of feed of a product through a device is perpendicular to
the direction of flow across the membrane. In some embodiments it generally comprises tangential flow filtration, which
regards the recirculation of a retentate across the surface of the membrane filter. In alternative embodiments, there is
no tangential flow filtration.

[0115] A skilled artisan recognizes that any filtration surface that contacts any of the relevant compositions and/or the
concentrate is preferably sterile or readily sterilizable. Commercially available filtration units can be sterilized by treating
with agents such as gamma irradiation, ethylene oxide, formalin, hydrogen peroxide, or sodium hypochlorite. Sterile
filtration units are commercially available for hematologic uses. Syringes and other fluid delivery systems are generally
commercially available in sterile form as are various valves and stopcocks that are designed to attach to syringes and
other blood processing products.

[0116] Anapparatus utilized in methods described herein may be considered disposable, although they may be reused
upon sterilization, such as by gamma sterilization. Filters and syringes may be commercially obtained. In a specific
embodiment, the apparatus is plastic. In further specific embodiments, the footprint of the leukoreduction filter is approx-
imately 12 cm in diameter and 25 mm thick and/or the footprint of the hollow fiber filter is approximately 120 mm long x
20 mm.
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V. Addition of Biological Agents to the System

[0117] In a preferred embodiment of the present invention a biological agent is included in the material delivered to
the bone defect (either the cell concentrate, the scaffold material, or both). Examples include antibiotics, growth factors,
fibrin, bone morphogenetic factors, bone growth agents, chemotherapeutics, pain killers, bisphosphonates, strontium
salt, fluoride salt, magnesium salt, and sodium salt.

[0118] Incontrastto administering high doses of antibiotic orally to an organism, the present invention allows antibiotics
to be included within the material of the composition for a local administration. This reduces the amount of antibiotic
required for treatment of or prophalaxis for an infection. Administration of the antibiotic by the material in a composition
would also allow less diffusing of the antibiotic, particularly if the antibiotic is contained within a fibrin matrix. Alternatively,
the scaffold material of the present invention may be coated with the antibiotic and/or contained within the scaffold
material or the concentrate, or a combination thereof. Examples of antibiotics are tetracycline hydrochloride, vancomycin,
cephalosporins, and aminoglycocides such as tobramycin and gentamicin, and quinolone antibiotics, such as cipro-
floxacin.

[0119] Growth factors may be included in the material for a local application to encourage bone growth. Examples of
growth factors that may be included are platelet derived growth factor (PDGF), transforming growth factor 3 (TGF-f),
insulin-like growth factor-I (IGF-I), insulin-like growth factor-11 (IGF-I1), fibroblast growth factor (FGF), beta-2-microglobulin
(BDGF II), bone morphogenetic protein (BMP), growth and differentiation factor-5 (GDF-5), vascular endothelial growth
factor (VEGF), or mixtures thereof. The scaffold material of the present invention may be coated with a growth factor
and/or contained within the scaffold material or the concetrate, or a combination thereof.

[0120] Proteins or agents which are accessory to and/or bind to growth factor may be used in the present invention.
Examples of the growth factor binding/accessory protein includes follistatin, osteonectin, sog, chordin, dan, cyr61, throm-
bospondin, type lla collagen, endoglin, cp12, nell, crim, acid-1 glycoprotein, and alpha-2HS glycoprotein.

[0121] In some embodiments, the compositions of the present invention include a cell, such as an osteoblast, en-
dothelial cell, fibroblast, adipocyte, myoblast, mesenchymal stem cell, chondrocyte, multipotent stem cell, pluripotent
stem cell and totipotent stem cell, or a musculoskeletal progenitor cell.

[0122] Bone morphogenetic factors may include growth factors whose activity is specific to osseous tissue including
proteins of demineralized bone, or DBM (demineralized bone matrix), and in particular the proteins called BP (bone
protein) or BMP (bone morphogenetic protein), which actually contains a plurality of constituents such as osteonectin,
osteocalcin and osteogenin. The factors may coat the scaffold material of the present invention and/or may be contained
within the scaffold material, the concentrate, or a combination thereof.

[0123] Angiogenic factors may be included on the scaffold material or in the scaffold material or concentrate, or a
combination thereof. Some examples of angiogenic factors include monobutyrin, dibutyrin, tributyrin, butyric acid, vas-
cular endothelial growth factor (VEGF), erucimide, thymosin Beta 4(TB4), synthetic peptide analogs to heparin binding
proteins, nicotine, nicotinamide, spermine, angiogenic lipids, ascorbic acid and derivatives thereof and thrombin, including
analogs and peptide fragments thereof.

[0124] Bone growth agents may be included within the scaffold material, concentrate, or both, of the composition of
the invention, in a specific embodiment. For instance, nucleic acid sequences that encode an amino acid sequence, or
an amino acid sequence itself may be included in the concentrate and/or scaffold material of the present invention
wherein the amino acid sequence facilitates bone growth or bone healing. As an example, leptin is known to inhibit bone
formation (Ducy et al., 2000). Any nucleic acid or amino acid sequence that negatively impacts leptin, a leptin ortholog,
or a leptin receptor may be included in the composition. As a specific example, antisense leptin nucleic acid may be
transferred within the composition of the invention to the site of a bone deficiency to inhibit leptin amino acid formation,
thereby avoiding any inhibitory effects leptin may have on bone regeneration or growth. Another example is a leptin
antagonist or leptin receptor antagonist.

[0125] The nucleic acid sequence may be delivered within a nucleic acid vector wherein the vector is contained within
a delivery vehicle. An example of such a delivery vehicle is a liposome, a lipid or a cell. In a specific embodiment the
nucleic acid is transferred by carrier-assisted lipofection (Subramanian et al., 1999) to facilitate delivery. In this method,
a cationic peptide is attached to an M9 amino acid sequence and the cation binds the negatively charged nucleic acid.
Then, M9 binds to a nuclear transport protein, such as transportin, and the entire DNA/protein complex can cross a
membrane of a cell.

[0126] An amino acid sequence may be delivered within a delivery vehicle. An example of such a delivery vehicle is
a liposome. Delivery of an amino acid sequence may utilize a protein transduction domain, an example being the HIV
virus TAT protein (Schwarze et al., 1999).

[0127] In a preferred embodiment the biological agent of the present invention has high affinity for a fibrin matrix.
[0128] In a specific embodiment, the particle of the present invention may contain within it or on it a biological agent
which would either elute from the particle as it degrades or through diffusion.

[0129] The biological agent may be a pain killer. Examples of such a pain killer are lidocaine hydrochloride, bipivacaine
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hydrochloride, and non-steroidal antiinflammatory drugs such as ketorolac tromethamine.

[0130] Other biological agents that may be included in the suspension material or contained on or in the concentrate
and/or scaffold material of the present invention are chemotherapeutics such as cis-platinum, ifosfamide, methotrexate
and doxorubicin hydrochloride. A skilled artisan is aware which chemotherapeutics would be suitable for a bone malig-
nancy.

[0131] Another biological agent which may be included in the concentrate and/or scaffold material is a bisphosphonate.
Examples of bisphosphonates are alendronate, clodronate, etidronate, ibandronate, (3-amino-1-hydroxypropylidene)-
1,1-bisphosphonate (APD), zoledronate, dichloromethylene bisphosphonate, aminobisphosphonatezolendronate and
pamidronate.

[0132] Thebiological agent may be either in purified form, partially purified form, commercially available orin a preferred
embodiment are recombinant in form. It is preferred to have the agent free of impurities or contaminants.

VI. Combined Therapy

[0133] A skilled artisan recognizes that the present invention provided herein in some embodiments is used in con-
junction with another therapy for the individual. For example, in the embodiments wherein a bone defect is being treated
with methods and/or compositions of the present invention, the patient may also receive standard bone therapy treat-
ments. Standard bone therapy treatments for repair of bone defect include surgery, additional bone grafting, antibiotic
administration, implant use, external stimulation such as low-intensity ultrasound or electromagnetic pulses, and so forth.

VII. Pharmaceutical Compositions and Routes of Administration

[0134] Compositions obtained with the present invention will have an effective amount of an osteogenic material for
therapeutic administration. In some embodiments, the compositions are used in combination with an effective amount
of a second compound (second agent) that is a bone therapy agent as exemplified above. Such compositions will
generally be dissolved or dispersed in a pharmaceutically acceptable carrier or aqueous medium. The term "effective"
as used herein refers to providing bone growth properties, preventing degeneration, strengthening of bone, preventing
fracture, healing fracture, and so forth.

[0135] The phrases "pharmaceutically or pharmacologically acceptable" refer to molecular entities and compositions
that do not produce an adverse, allergic or other untoward reaction when administered to an animal, or human, as
appropriate. As used herein, "pharmaceutically acceptable carrier" includes any and all solvents, dispersion media,
coatings, antibacterial and antifungal agents, isotonic and absorption delaying agents and the like. The use of such
media and agents for pharmaceutical active substances is well known in the art. Except insofar as any conventional
media or agent is incompatible with the active ingredients, its use in the therapeutic compositions is contemplated.
Supplementary active ingredients, such as other bone therapy agents, can also be incorporated into the compositions.
[0136] The compositions obtained with the present method are advantageously administered in a form suitable for
application to a bone defect. The composition form may be injectable compositions, either as liquid solutions or suspen-
sions, although solid forms suitable for solution in, or suspension in, liquid prior to injection also may be prepared. In
other embodiments, the composition is applied in a non-injectable manner. Examples of such include applying a cell
concentrate alone or in a mixture with a scaffold material using a utensil, such as a scoop, scoopula, spatula, rod, spoon,
syringe, pipette, forceps, measured spoon, or any such medically approved delivery vehicle.

[0137] Inparticular embodiments of the present invention, a solution comprising the desired cell concentrate comprises
phosphate buffer, dextrose, salt, dextran 40, dextran 70, or a mixture or combination thereof. Other pharmaceutically
acceptable carriers include aqueous solutions, non-toxic excipients, including salts, preservatives, buffers and the like.
Examples of non-aqueous solvents are propylene glycol, polyethylene glycol, vegetable oil and injectable organic esters,
such as theyloleate. Aqueous carriers include water, alcoholic/aqueous solutions, saline solutions, parenteral vehicles
such as sodium chloride, Ringer’s dextrose, etc. Preservatives include antimicrobial agents, antioxidants, chelating
agents and inert gases, although in specific embodiments the concentrate is used soon after concentration at the point-
of-care. The pH and exact concentration of the various components in the pharmaceutical are adjusted according to
well-known parameters.

[0138] All of the essential materials and reagents required for bone therapy may be assembled together in a kit. When
the components of the kit are provided in one or more liquid solutions, the liquid solution preferably is an aqueous
solution, with a sterile aqueous solution being particularly preferred. In the kit, there may be an apparatus to collect a
physiological solution, at least one filter and/or filter apparatus, a scaffold material, a utensil and/or platform to combine
the cell concentrate and scaffold material, and/or a combination thereof.

[0139] The kits also will typically include a means for containing the vials in close confinement for commercial sale
such as, e.g., injection or blow-molded plastic containers into which the desired vials are retained. Irrespective of the
number or type of containers, the kits also may comprise, or be packaged with, an instrument for assisting with the
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injection/administration or placement of the ultimate complex composition within the body of an animal. Such aninstrument
may be a scoop, scoopula, spatula, rod, spoon, syringe, pipette, forceps, measured spoon, or any such medically
approved delivery vehicle.

[0140] The concentrate or concentrate/scaffold material can also be comprised with a solvent or dispersion medium
comprising, for example, blood, plasma, water, sugar, salt, or suitable mixtures thereof. The prevention of the action of
microorganisms can be brought about by various antibacterial and antifungal agents, for example, parabens, chlorob-
utanol, phenol, sorbic acid, thimerosal, and the like.

VIII. Kits (Not part of the invention)

[0141] In some embodiments kits are provided, such as to perform methods described herein and/or generate com-
positions described herein. In a particular embodiment, these kits are utilized for treatment of a bone defect. In some
particular embodiments, there is a kit for preparing a cell concentrate, comprising a first filtration device and a second
filtration device, both of which are housed in a suitable container. The first filtration device may be a nucleated cell
filtration device and/or the second filtration device is a microfiltration device, such as, for example, a hollow fiber filtration
device.

[0142] The kit may further comprise a scaffold material housed in a suitable container. The kit may further comprise
a biological agent housed in a suitable container. An exemplary biological agent includes a growth factor, an antibiotic,
a strontium salt, a fluoride salt, a magnesium salt, a sodium salt, a bone morphogenetic factor, an angiogenic factor, a
chemotherapeutic agent, a pain killer, a bisphosphonate, a growth factor binding/accessory protein, a cell, a bone growth
agent, or a mixture thereof In a specific embodiment, the growth factor is selected from the group consisting of platelet
derived growth factor (PDGF), transforming growth factor § (TGF- B), insulin-related growth factor-I (IGF-I), insulin-
related growth factor-Il (IGF-Il), fibroblast growth factor (FGF), beta-2-microglobulin (BDGF IlI), nerve growth factor
(NGF), epidermal growth factor (EGF), keratinocyte growth factor (KGF), bone morphogenetic protein (BMP) and a
mixture thereof. In a further specific embodiment, the antibiotic is selected from the group consisting of tetracycline
hydrochloride, vancomycin, cephalosporins, quinolone, aminoglycocides, and a mixture thereof. In a specific embodi-
ment, the quinolone is ciprofloxacin. In a specific embodiment, the aminoglycocide is tobramycin or gentamicin.
[0143] Inother embodiments, there is a kit for treating a bone defect, comprising a plurality of cells housed in a suitable
container, wherein the cells are nucleated cells, platelets, or both. Such a kit may comprise a scaffold material housed
in a suitable container and/or a biological agent housed in a suitable container.

[0144] A kit may comprise an apparatus for the preparation of a cell concentrate obtained by a method or methods
described herein. A kit may comprise, at least, any apparatus suitable to perform any method described herein.
[0145] The kits mentioned herein may be considered single use disposable kits.

EXAMPLES

[0146] The following examples are included to demonstrate preferred embodiments of the invention. It should be
appreciated by those of skill in the art that the techniques disclosed in the examples which follow represent techniques
discovered by the inventor to function well in the practice of the invention, and thus can be considered to constitute
preferred modes for its practice. However, those of skill in the art should, in light of the present disclosure, appreciate
that many changes can be made in the specific embodiments which are disclosed and still obtain a like or similar result
without departing from the spirit and scope of the invention.

EXAMPLE 1
DUAL FILTRATION OF PHYSIOLOGICAL SOLUTION

[0147] Aninvitro study is performed to determine the efficacy of the filter device in concentrating nucleated cells, such
as mesenchymal stem cells, and platelets within bone marrow aspirate, although in some embodiments blood or a
mixture of blood and bone marrow may be utilized. A volume of the exemplary marrow aspirate, such as 25 mL, is
procured from an animal donor(s) (such as, for example, sheep). Each sample is divided, wherein half the sample is not
processed and half the sample is processed by the filtration device(s) described herein. The volume of the unprocessed
sample (VO) and that of the sample after it has been processed (V1) is measured. Nucleated cell count, mesenchymal
stem cell count, and platelet count is determined by hemocytometry and flow cytometry for each unprocessed and
processed sample. Additionally, in order to quantify the concentration of mesenchymal stem cells that differentiate
towards an osteoblastic lineage, cells from the unprocessed marrow and the cell concentrate are cultured in osteogenic
media and assayed for osteoblastic markers, such as, for example, alkaline phosphatase. Nucleated cell count, platelet
count, and alkaline phosphatase activity is normalized to sample volume (VO or V1) to yield a measure of nucleated cell,
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mesenchymal stem cell, and platelet concentration. The filtration of the marrow aspirate should result in a significant
retention of mesenchymal stem cells and platelets (preferably greater than about 60%) and a significant reduction in
volume (preferably greater than about 80%) compared to unprocessed marrow. This should result in an approximately
3-fold or greater increase in cell concentration compared to unprocessed marrow aspirate.

[0148] In light of the demonstration of the efficacy of the filter device in concentrating marrow in vitro, an implantation
study is performed to determine acceleration of bone healing by the concentrated marrow suspension in an animal model
(such as, for example, sheep). Autologous marrow aspirate is processed through the filter instrument to increase the
concentration of mesenchymal stem cells and platelets. The concentrated marrow suspension is combined with an
osteoconductive scaffold material and, if necessary, a carrier material, and implanted in a critical-sized defect (such as,
for example, a defect that will not spontaneously heal when left empty). The concentrated marrow aspirate + scaffold
group is compared to an unprocessed marrow aspirate + scaffold group in terms of bone healing. Bone healing is
measured radiographically, mechanically, and/or histologically by standard means in the art. The concentrated marrow
aspirate group preferably shows superior bone healing compared to the unprocessed marrow aspirate group.

EXAMPLE 2
DESCRIPTION OF EXEMPLARY FILTER CONFIGURATIONS

[0149] Exemplary filter configurations in the present invention may be as follows:

[0150] 1. Leukofilter only (see FIG. 4);

[0151] 2. Leukofilter + Hollow Fiber Filter (Cross-flow mode) (see FIGS. 4, 5, 6);

[0152] 3. Leukofilter + Hollow Fiber Filter (Dead end mode) (see FIGS. 4, 7, 8); and/or

[0153] 4. Use of a Fat Reduction Filter with any of the above three configurations (FIG. 9).

[0154] InFIG. 4, there is a schematic showing operation of a sole (or first, as in some embodiments described below)
filter (such as a leukocyte reduction-type filter), to selectively recover osteogenic cells (i.e. platelets and nucleated cells)
from a physiological solution. In the Fill step, a physiological solution comprising both osteogenic and non-osteogenic
cells and optionally comprising anticoagulant is injected into a collection bag 10. In a filtration step, the physiological
solution passes from the collection bag 10 through the leukocyte reduction-type filter 12, such as by gravity feed. After
passing through the filter where cells such as nucleated cells, platelets, or a mixture thereof are retained, the remainder
of the physiological solution and its constituents (such as red blood cells) flow into the drain bag 14. In a back-flush step,
valves 11 and 13 to the collection bag 10 and drain bag 14, respectively, are closed. The valves 15 and 17 to the syringes
9 and 19, respectively, are opened. In the recovery step, osteogenic cells are backflushed from the filter 12 when recovery
solution from syringe 19 flows through valve 17 to force the osteogenic cells into syringe 9. The collection in syringe 9
comprises the recovered cells and in some embodiments is not processed further but is applied to a bone defect,
optionally after combining the cells with a scaffold material. In alternative embodiments, the cells in syringe 9 are referred
to as a feed for a subsequent step in the process, and the syringe may be referred to as a feed syringe 9.

[0155] FIG. 5 shows a schematic drawing of an operation of a second filter, such as a hollow fiber filter, to concentrate
the osteogenic cells (i.e., platelets and nucleated cells) recovered from the first filter 12 in FIG. 4, for example. A syringe
comprising the osteogenic cells, such as the exemplary syringe 9 from FIG. 4, is connected to the hollow-fiber filter 30,
which is operated in cross-flow mode. In cross-flow filtration, the feed stream is recirculated between a feed syringe 9,
for example, and retentate syringe 36 tangentially to the membrane in the hollow-fiber filter 30, establishing a pressure
differential across the membrane. This causes some of the particles to pass through the membrane. Remaining particles
continue to flow across the membrane. Using an appropriate membrane pore size (such as about 0.2 to 0.5 um), recovery
solution, but not cells, are able to pass through the filter membrane of the hollow fiber filter 30. FIG. 6 demonstrates a
schematic for showing concentrate osteogenic cell suspension resulting from operation of a second filter. Cross-flow
filtration fractionates a portion of the recovery solution from the suspended cells, thereby increasing the concentration
of the cells in the retentate syringe 36.

[0156] FIG. 7 provides a schematic showing operation of a second filter, such as a hollow fiber filter 30, to concentrate
osteogenic cells (i.e., platelets and nucleated cells) recovered from a first filter. The exemplary syringe, such as syringe
9 from FIG. 4, containing the osteogenic cells is connected to the hollow fiber filter 30, which is operated in dead-end
mode (this is accomplished by capping the retentate syringe port 34). Unlike cross-flow filtration, dead end filtration does
not involve the recirculation of the feed stream between an exemplary feed syringe 9 and retentate syringe tangentially
to the membrane. Pressure from the advancing feed syringe establishes a pressure differential across the membrane.
This causes some of the particles to pass through the membrane. Using an appropriate membrane pore size (such as
about 0.2 to 0.5 wm), recovery solution, but not cells, are able to pass through the filter membrane to the hollow fiber
filter 30. FIG. 8 is an exemplary schematic showing a concentrate osteogenic cell suspension resulting from operation
of a second filter in dead end mode. Dead end filtration fractionates a portion of the recovery solution from the suspended
cells, thereby increasing the concentration of the cells remaining in the feed syringe 9.
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EXAMPLE 3
DESCRIPTION OF CELL CONCENTRATE CHARACTERISTICS

[0157] In a particular embodiment of the present invention, the final cell concentrate must have at least one of the
following characteristics: 1) nucleated cells per unit volume greater than in the starting physiological solution; 2) platelets
per unit volume greater than in the starting physiological solution; and/or 3) upon activation of platelets, the concentration
of growth factors is greater than that of an equivalent volume of the starting physiological solution. Examples of growth
factors are platelet-derived growth factor (PDGF), transforming growth factor beta (TGF-f), vascular endothelial growth
factor (VEGF), epithelial growth factor (EGF), and insulin-like growth factor (IGF).

[0158] In particular embodiments, the method to obtain the cell concentrate and/or the cell concentrate itself may have
the following attributes: 1) leukocyte concentration of at least about six times that of baseline blood value; 2) substantially
no exogenous animal-derived or human-derived constituents in backflush solution (although in alternative embodiments
an exogenous animal-derived or human-derived constituent is added, such as the exemplary human serum albumin);
3) substantially no exogenous animal-derived or human-derived constituents in clotting initiator; and/or 4) filter should
activate less than about 25% of platelets (Babbush et al., 2003).

[0159] Inotherembodiments, the method to obtain the cell concentrate and/or the cell concentrate itself more preferably
has the following attributes: 1) a sole (or first) filter processes a minimum of about 60 mL and maximum of about 120
mL of blood; 2) blood is mixed with at least one anticoagulant; 3) recovery solution comprises biocompatible and/or non-
pyrogenic constituents; 4) filtration step(s) takes about 10 minutes or less; 5) filter recovers at least about 70% of platelets
from blood; 6) filter concentrates platelets at least about 6-fold compared to baseline physiological solution (such as
blood or bone marrow concentrate) value; 7) platelet concentrate comprises sufficient clotting factors for clot initiation
(exemplary clotting factors include fibrinogen, Factor V, Factor VII, Factor VIII, Factor IX, Factor X, Factor XI, Factor XII,
Factor XlllI, prekallikrein, prothrombin, tissue factor, von Willebrand Factor (VWF) (proteins may be monitored during the
methods, such as fibrinogen concentration being measured by ELISA)); 8) platelet concentrate clots within about 5
minutes after addition of clot initiator; 9) final clot volume comprises about 5 to 10 mL; and/or 10) once clotted, the
concentration of growth factors (such as, for example, PDGF, TGF-B, VEGF, EGF, and IGF) comprises at least about
6 times that of an equivalent or substantially equivalent volume of clotted blood.

[0160] In specific embodiments of the present invention, materials utilized in the present invention meet governmental
regulatory standards in the art, such as being FDA-approved.

EXAMPLE 4
METHODS TO MEASURE CELL CONCENTRATE CHARACTERISTICS
Nucleated Cell (Leukocytes) and Platelet Counts (from Wintrobe’s Clinical Hematology, 10th ed.)

[0161] By exemplary means, leukocytes and platelets can be enumerated by either manual methods and/or automated
hematology analyzers, both of which are well known in the art. Manual counts are carried out after appropriate dilution
of the sample in a hemocytometer, a specially constructed counting chamber that contains a specific volume. Cells may
then be counted, for example, with a microscope.

[0162] Automated hematology analyzers increase the accuracy and speed of analysis, and, thus, may be preferable
to manual counting. Two exemplary major types of automated counters may be used to enumerate leukocytes and
platelets: aperture-impedance counters and optical method counters. Aperture-impedance counters include the Coulter
(Hialeah, FL), the Sysmex (Baxter Diagnostics, Waukengan, IL), and some Cell-Dyne instruments (Abbott Diagnostics,
Santa Clara, CA), for example. Optical method counters include Technicon (Bayer Diagnostics, Kent, WA) and some
Cell-Dyn instruments, for example.

[0163] Cell counts are determined for the original physiological solution and the final post-processed cell concentrate.

Growth Factor Quantification

[0164] Enzyme-linked immunosorbent assays (ELISA) are used to quantify growth factor concentrationk, in exemplary
embodiments. Growth factor concentrations are determined for the original physiological solution and the final post-
processed cell concentrate after platelet activation. An appropriate platelet activator, such as thrombin, a calcium chloride
solution, adenosine diphosphate (ADP), or a combination thereof, may be used to activate platelets. After sufficient time
to allow platelet activation and growth factor release (such as less than about one hour), growth factor concentration is
quantified, such as by using commercially available ELISA kits.
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EXAMPLE 5
METHODS TO REMOVE FAT FROM THE PHYSIOLOGICAL SOLUTION

[0165] In some embodiments of the present invention an additional step or means, such as a filter, is incorporated
into the design in order to remove fat from a physiological solution, such as particles (which may include adipocytes).
The fat may be cellular or non-cellular in form. Thus, a skilled artisan recognizes that this refers to adipocytes, congealed
fat that is non-cellular in nature, or both. A physiological solution is passed through this step or means, such as an
exemplary filter referred to herein as a fat reduction filter, in order to substantially reduce (or in some embodiments
eliminate) a quantity of fat. The removal of fat will resultin faster flow and better osteogenic cell capture as the physiological
fluid passes through a subsequent filter(s) in the process. In preferred embodiments, enough fat is removed so that
there is no occlusion, blocking, clogging and such of the filter(s). A skilled artisan recognizes that complete removal of
fat or adipocytes is desirable, but unnecessary so long as filtration is achievable.

[0166] Commercially available filters that have been used clinically to remove microaggregates from blood may be
suitable for this application. Examples include but are not limited to standard blood transfusion filters, such as the
SQ40SJKL (Pall Corp., Port Washington, NY) and LipiGuard (Pall Corp., Port Washington, NY).

[0167] FIG. 9 shows a schematic of the incorporation of a fat reduction filter 8 into the device used to prepare an
osteogenic cell concentrate. The physiological solution is passed via syringe 6 through the exemplary fat reduction filter
8 component into a collection bag 10. The fluid, reduced in fat particle content, is then processed through the leukofilter
12 as shown in FIGS. 4 and 9. If necessary, the cell suspension recovered from the leukofilter 12 is then processed
through the hollow fiber filter 30 in either cross-flow mode (FIGS. 5 and 6) or dead-end mode (FIGS. 7 and 8).

EXAMPLE 6
BONE MARROW ASPIRATE (BMA) FILTRATION IN IMMATURE NEW ZEALAND WHITE RABBITS

[0168] BMA was taken from two skeletally immature New Zealand White rabbits and processed through an exemplary
filter of the present invention to demonstrate an increase in the concentration of nucleated cells (a cell population that,
in some embodiments, includes undifferentiated cells, such as osteoprogenitors). This study showed that the filters were
able to concentrate BMA from immature New Zealand White rabbits within a targeted range (about 6 to 10-fold) in a
specified time frame (under about 15 minutes).

Materials and Methods

[0169] Blood and bone marrow aspirate (BMA) were drawn from three skeletally immature New Zealand White rabbits.
Each rabbit was 2 months old and weighed approximately 1.4 kg at the time of the procedure. The rabbits were not
treated with any medications or steroids prior to BMA harvest. Anesthesia was induced by intramuscular administration
of 50mg/kg of ketamine and 10mg/kg of Xylazine. Approximately 2-mL of blood was drawn from the aorta of each rabbit
and mixed with 0.3-mL of heparinized saline. The volume of blood drawn from each rabbit is listed in Table I. Bone
marrow was bilaterally aspirated from the proximal tibias of each rabbit. A 0.5 to 1-cm incision was made on the medial
aspect of anterior proximal metaphysis of the tibia. An 18-g needle was rotated gently to perforate the cortical bone and
enter the marrow cavity. If the initial needle clogged during the perforation, the needle was replaced with a new one.
Negative pressure was established by drawing the plunger back until marrow began flowing into the syringe; the pressure
was then reduced, and the marrow was collected for about 10 seconds. For each tibia, two to 3.5-mL of BMA was
aspirated using an 18-g needle into a 10 cc disposable syringe filled with 0.5-mL of heparinized saline (1000 units/mL).
The syringe was detached and was inverted several times to ensure complete mixing, and then the BMA was transferred
to a sterile, graduated plastic test tube. The volume of BMA drawn from each rabbit is listed in Table .

[0170] The initial count of nucleated cells in each sample was determined by lysing the red blood cells in a 2% acetic
acid solution. One hundred L of aspirate was mixed with 900-u.L of acetic acid. A portion of the resultant cell suspension
was injected into a hemocytometer grid and cells were counted using a compound microscope (BX60, Olympus Optical
Co., Ltd., Japan) at 200X magnification. Nucleated cell concentration was calculated as:

N = C x SF X Dacetic acid

[0171] where N = nucleated cell concentration; SF = scale factor of hemocytometer grid = 104; and D,y acid =
dilution factor in acetic acid = 10. At least two replicate counts were performed for each sample.
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[0172] After determination of initial nucleated cell count, four-ml of BMA from each rabbit were pooled to yield a
combined volume of 12-mL. The pooled BMA sample was then passed through the exemplary filtration device as shown
schematically in FIGS. 5, 6, and 10. In FIG. 10, the aggregate filter 7 may remove large particles of material, which in
certain embodiments comprises fat particles.

[0173] This particular embodiment comprises a system having at least a one-step process utilizing a leukoreduction
filter to capture osteogenic cells and, optionally, a hollow fiber filter to concentrate the captured cells. The leukoreduction
filter (P/N B-1462G; L/N 312700) and recovery solution (L/N SLS051303) were manufactured by Pall Medical, Inc. (Port
Washington, NY). The hollow fiber filter (P/N X12E-100-20N; L/N DH157/N) was made by Spectrum Laboratories, Inc.
(Rancho Dominguez, CA). The nucleated cell concentration of the ACS-processed cell suspension was determined as
described in the preceding paragraph.

Results

[0174] The mean nucleated cell counts of the blood, pre-processed BMA, and post-processed BMA were 6.0x108,
20.1x108, and 131x106 cells/ml (Tables I, I, and llI, respectively). Representative fields of view of cells in the hemocy-
tometer are shown in FIG. 11. The nucleated cell count of the pre-processed BMA was approximately 3.5 times that of
blood (Holdrinet et al., 1980). This indicates that bone marrow cells were collected in the aspirate; BMA composed
entirely of peripheral blood would have a nucleated cell count similar to that of blood. Twelve mL of BMA pooled from
the three donor rabbits was processed through the ACS prototype in approximately 5 minutes. The final volume was
0.6-mL, representing a 20-fold decrease in volume. The cell concentration of the post-filtered sample was approximately
6.5 times that of the pre-processed BMA. Given that a 20-fold decrease in volume resulted in a 6.5-fold increase in cell
concentration, the cell recovery efficiency of the filtration prototype was 33%.

[0175] This study showed that the prototype filters were able to concentrate BMA from skeletally immature New
Zealand White rabbits within the targeted range (about 6- to 10-fold) and timeframe (under about 15 minutes). Given
that age-related changes in marrow cellularity and fat composition in rabbits are known (Kita et al., 1987; Bigelow and
Tavassoli, 1984), in alternative embodiments the present invention provides filtration of concentrate nucleated cells in
BMA from skeletally mature rabbits.

[0176] Table |. Volume and nucleated cell counts for blood samples from individual rabbits.

Sample | Blood Volume (ml) | Replicate Cell Counts | Nucleated Cell Concentration (106/ml)
Rabbit 1 2.8 88; 119; 91 9.7
Rabbit 2 1.4 32;48; 40 4.0
Rabbit 3 1.8 43; 49; 36 4.2
Mean = 6.0+3.2

[0177] Table Il. Volume and nucleated cell counts for unprocessed bone marrow aspirate (BMA) samples from indi-
vidual rabbits.

Sample | BMA Volume (ml) | Replicate Cell Counts | Nucleated Cell Concentration (106/ml)

Rabbit 1 8 214; 229 22.2
Rabbit 2 7 203; 180 19.2
Rabbit 3 5 172; 213; 183 18.9

Mean =20.1+1.8

[0178] Table Ill. Volume and nucleated cell counts for filtration-processed bone marrow aspirate. Four ml of marrow
was taken from each of the three rabbits and processed through the filtration system.

Sample Startling Volume Final Volume (ml) Replicate Cell Nucleated Cell
(ml) Counts Concentration
(108/ml)
Filtration- 12 0.6 989; 1590; 1335 131+30
Processed BMA
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EXAMPLE 7
METHOD TO ACTIVATE PLATELETS AND COAGULATE CELL CONCENTRATE

[0179] A platelet activation agent (e.g., calcium chloride solution or thrombin, or a combination thereof) may be added
to the cell concentrate in order to activate platelets and induce coagulation. The addition of the platelet activator to the
cell concentrate will resultin a higher growth factor concentration (due to increased platelet activation) and better handling
characteristics (due to coagulation), in preferred embodiments.

[0180] The platelet activator should be added to the cell concentrate at an appropriate ratio to induce rapid platelet
activation (less than 30 minutes) and coagulation. For example, a 1:10 activator:cell concentrate ratio is used when the
activator is a CaCl,/thrombin (100 units/ml) solution.

[0181] A portion of the cell concentrate prepared for each blood donor is added to a glass beaker, and a coagulum is
formed by the addition of an appropriate platelet activator. The mixture is allowed to undergo clot retraction for an
appropriate time period (at least about 30 minutes). The contents of the beaker will then be transferred to centrifuge
tubes and centrifuged at about 1,000g for about 30 minutes. The growth factor concentration in the supernatant is
quantified by commercially available enzyme-linked immunosorbent assays (ELISA) kits, in exemplary embodiments.
For reference, this experiment is repeated for: (i) an unprocessed blood sample from each donor; and/or (ii) a portion
of the cell concentrate to which no platelet activator is added.

EXAMPLE 8
PREPARATION OF A PLATELET RICH CONCENTRATE (PRC) FROM HUMAN BLOOD USING A SINGLE FILTER

[0182] Whole blood was taken from healthy human donors and processed through an exemplary filter of the present
invention to demonstrate at least an increase in the concentration of platelets and platelet-derived growth factors. This
study showed that processing of human blood through a single filter (for example, a leukoreduction filter) was able to
concentrate platelets and growth factors above baseline values observed for unprocessed blood.

[0183] A schematic of the filter that was evaluated is shown in FIG. 12. Each prototype comprised two standard 150-
cc blood collection bags, a leukoreduction filter, and two ports for syringe attachment. To evaluate the filters, units of
whole blood (each unit was 450-ml) were collected from healthy human volunteers into blood bags containing 50-ml of
Anticoagulant Citrate Dextrose, formula A (ACD-A). Sixty ml aliquots were transferred into a 60-ml syringe. The contents
of the syringe were then injected into a blood bag comprising 10-ml of platelet capture solution A (water for injection).
In some cases, 120-ml of anticoagulated blood was injected into a bag comprising 20-ml of solution A to determine if
the filters could effectively process a double dose of blood. The blood bag comprising the diluted blood sample was
attached to a platelet recovery filter (Purecell PL, Pall Medical, Inc., Port Washington, NY). The filtration height (vertical
distance between top of blood line in collection bag and entry point into drain bag) was adjusted to 12.5 inches. The
diluted blood sample was then filtered at room temperature. The filtration time for each sample was recorded. After
filtration was complete, the filter was backflushed with a syringe filled with 7-ml of platelet recovery solution B (5% saline
solution) and 13-cc of air. The contents of the filter were backflushed into a 20cc syringe. The recovered cellular sus-
pension was transferred from the syringe into a 15-ml centrifuge tube. The total volume of the recovered platelets was
measured using the graduated markings on the centrifuge tube.

[0184] For each donor, platelet concentration was measured for the recovered cell suspension and whole blood
samples using a Cell Dyn Hematology Analyzer (Abbott Labs, IL). ELISAs for PDGF-AB, TGF-B1, and VEGF-A (Quan-
tikine, R&D Systems, Minneapolis, MN) were performed on the recovered suspension, the recovered suspension + 10%
CaCly/thrombin (5000 Units/ml), and whole blood. Significant differences in means were determined by ANOVA at a
95% confidence level.

[0185] Filtration time ranged from 10 to 15 minutes for the 60-ml blood samples (n = 20) and from 45 to 90 minutes
for the 120-ml samples (n = 9). The flow rate of the 120-ml samples was slowed by backpressure from the drain bag as
it filled to near maximum capacity. The final volume of the recovered cell suspension (for both starting blood volumes)
ranged from 9 to 10-ml, averaging 9.5-ml.

[0186] The mean platelet recovery was approximately 65% for both the 60-ml and 120-ml blood samples and did not
differ significantly between the two groups (FIG. 13). The mean platelet concentration factors were 4.1+0.4 fold and
8.3+1.2 fold for the 60-ml and 120-ml samples, respectively, compared to whole blood (p<0.05).

[0187] The mean concentrations of PDGF-AB, TGF-1, and VEGF-A in whole blood and the platelet concentrate are
shown in FIGS. 14-16, respectively (n = 15). The cell concentrate produced by the filter showed 16-fold, 25-fold, and
14-fold increases in PDGF, TGF-, and VEGF concentrations, respectively, compared to whole blood (p<0.05 in all
cases). When the cell concentrate was activated with calcium chloride/thrombin, the concentration factor increased to
26-fold and 34-fold for PDGF and TGF-B, respectively (p<0.05 in both cases). The VEGF concentration factor dropped

20



10

15

20

25

30

35

40

45

50

55

EP 1729 831 B1

from 14-fold to 3-fold upon activation with calcium chloride/thrombin. In a specific embodiment, this is related to the
apparent ability of fibrin to bind VEGF, possibly masking the ELISA epitope.

[0188] This study showed that an exemplary filter of the present invention is useful for conveniently preparing a platelet
rich concentrate from whole blood. The filtration process took 10 to 15 minutes and produced a final 9.5-ml product with
greater than 4-fold enrichment in platelets. Additionally, the concentrations of PDGF-AB, TGF-1, and VEGF-A were
significantly higher in the platelet concentrate compared to whole blood.
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[0192] Although the present invention and its advantages have been described in detail, it should be understood that

various changes, substitutions and alterations can be made herein without departing from the scope of the invention as
defined by the appended claims.

Claims

1. A method of preparing a cell concentrate comprising platelets per unit volume greater than in a physiological solution,
the method comprising the steps of:

(i) providing a physiological solution not previously subjected to centrifugation;

(ii) subjecting the physiological solution to a nucleated cell filtration device to produce afilter retentate comprising
at least platelets per unit volume greater than in a physiological solution and a permeate solution comprising
plasma and red blood cells and;

(i) removing the filter retentate from the filter, said method being characterised In that the physiological
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solution is combined with a hypotonic solution prior to step (ii), whereby a hypertonic or isotonic recovery solution
is flushed through the filter to remove entrapped cells.

The method of claim 1, wherein the physiological solution comprises bone marrow aspirate, blood, or a mixture
thereof.

The method of claim 1 or 2, wherein the nucleated cell filtration device is a leukocyte reduction filtration device.

The method of any preceding claim, wherein the physiological solution is subjected to two filters, wherein the first
filter is the nucleated cell filtration device which isolates the platelets from the physiological solution to produce a
first product, said first product being subjected to a second filter, wherein the second filter is a hollow fiber filtration
device to produce a second product, wherein said second product comprise platelets per unit volume greater than
in the physiological solution.

The method of any preceding claim, wherein said method further comprises the step of admixing a scaffold material
to the filter retentate removed from the first or second filter to produce a scaffold material/filter retentate mixture.

The method of claim 5, wherein the scaffold material is osteoconductive, osteogenic, osteoinductive, or a combination
thereof.

The method of any of claims 5 or 6, wherein the scaffold material is comprised of synthetic material, natural material,
or a combination thereof.

The method of any of claims 5 to 7, wherein the scaffold material is comprised of a ceramic, a polymer, a metal,
allograft bone, autograft bone, demineralised bone matrix, or a mixture thereof.

The method of any of claims 5 to 8, wherein the scaffold material is comprised of a block, paste, dust, cement,
powder, granule, putty, liquid, gel, solid, or a mixture thereof.

The method of any of claims 5 to 11, wherein the scaffold material is biodegradable.

The method of any claim 5 to 10, wherein said method further comprising the step of admixing a biological agent
with the filter retentate removed from the filter, the scaffold material, or a combination thereof.

The method of claim 11, wherein the biological agent admixed with the scaffold material is further defined as the
biological agent being comprised on the scaffold material, in the scaffold material, or both.

The method according to any preceding claim, wherein the filter retentate further comprises nucleated cells, selected
from the group consisting of leukocytes, stem calls, connective tissue progenitors cells, osteoprogenitor cells, chon-
droprogenitor cells or a mixture thereof per unit volume greater than in the physiological solution.

Patentanspriiche

1.

2,

Ein Verfahren zum Zubereiten eines Zellkonzentrats, das Platichen pro Volumeneinheit, grof3er als in einer physio-
logischen Lésung, beinhaltet, wobei das Verfahren die folgenden Schritte beinhaltet:

(i) Bereitstellen einer physiologischen Lésung, die vorher keiner Zentrifugation unterzogen worden ist;

(i) Unterziehen der physiologischen Losung einer Filtriervorrichtung fur kernhaltige Zellen, um ein Filterretentat,
das mindestens Plattchen pro Volumeneinheit, gréRer als in einer physiologischen Losung, beinhaltet, und eine
Permeatlésung, die Plasma und rote Blutkdrperchen beinhaltet, herzustellen; und

(iii) Entfernen des Filterretentats von dem Filter, wobei das Verfahren dadurch gekennzeichnet ist, dass die
physiologische Lésung vor Schritt (ii) mit einer hypotonischen Lésung vereinigt wird, wobei eine hypertonische
oder isotonische Riickgewinnungslésung durch den Filter gespdilt wird, um festgehaltene Zellen zu entfernen.

Verfahren gemafR Anspruch 1, wobei die physiologische Ldsung Knochenmarkaspirat, Blut oder eine Mischung
daraus beinhaltet.
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Verfahren gemal Anspruch 1 oder 2, wobei die Filtriervorrichtung fir kernhaltige Zellen eine Filtriervorrichtung zur
Leukozytenreduktion ist.

Verfahren gemaf einem der vorhergehenden Anspriiche, wobei die physiologische Lésung zwei Filtern ausgesetzt
wird, wobei der erste Filter die Filtriervorrichtung fuir kernhaltige Zellen ist, die die Plattchen aus der physiologischen
Lésung isoliert, um ein erstes Produkt herzustellen, wobei das erste Produkt einem zweiten Filter ausgesetzt wird,
wobei der zweite Filter eine Hohlfaser-Filtriervorrichtung ist, um ein zweites Produkt herzustellen, wobei das zweite
Produkt Plattchen pro Volumeneinheit, groRer als in der physiologischen Ldsung, beinhaltet.

Verfahren gemaf einem der vorhergehenden Anspriiche, wobei das Verfahren ferner den Schritt des Beimischens
eines GerlUstmaterials zu dem von dem ersten oder zweiten Filter entfernten Filterretentat beinhaltet, um eine
Geristmaterial-/Filterretentatmischung herzustellen.

Verfahren gemaR Anspruch 5, wobei das Gerlstmaterial osteokonduktiv, osteogen, osteoinduktiv oder eine Kom-
bination daraus ist.

Verfahren gemaf einem der Anspriiche 5 oder 6, wobei das Gerlistmaterial aus synthetischem Material, nattirlichem
Material oder einer Kombination daraus besteht.

Verfahren gemal einem der Anspriiche 5 bis 7, wobei das Geristmaterial eine Keramik, ein Polymer, ein Metall,
Allotransplantatknochen, Autotransplantatknochen, demineralisierte Knochenmatrix oder eine Mischung daraus
beinhaltet.

Verfahren gemaR einem der Anspriiche 5 bis 8, wobei das Gerlistmaterial einen Block, eine Paste, Staub, Zement,
Pulver, Kérnchen, Kitt, Flissigkeit, Gel, Feststoff oder eine Mischung daraus beinhaltet.

Verfahren gemaR einem der Anspriiche 5 bis 11, wobei das Gerlistmaterial biologisch abbaubar ist.

Verfahren gemaR einem der Anspriiche 5 bis 10, wobei das Verfahren ferner den Schritt des Beimischens eines
biologischen Mittels zu dem von dem Filter entfernten Filterretentat, dem Gerlistmaterial oder einer Kombination
daraus beinhaltet.

Verfahren gemafl Anspruch 11, wobei das biologische Mittel, das dem Gerustmaterial beigemischt ist, ferner als
das biologische Mittel definiert ist, das auf dem Gerlstmaterial, in dem Gerlstmaterial oder beidem beinhaltet ist.

Verfahren gemaR einem der vorhergehenden Anspriiche, wobei das Filterretentat ferner kernhaltige Zellen, aus-
gewahlt aus der Gruppe, bestehend aus Leukozyten, Stammzellen, Bindegewebe-Progenitorzellen, Osteoproge-
nitorzellen, Chondroprogenitorzellen oder einer Mischung daraus, pro Volumeneinheit gréRer als in der physiologi-
schen Lésung, beinhaltet.

Revendications

1.

2,

3.

Une méthode pour préparer un concentré de cellules comprenant des plaquettes par unité de volume en proportion
plus importante que dans une solution physiologique, la méthode comprenant les étapes consistant a :

(i) fournir une solution physiologique qui n’a pas été précédemment soumise a une centrifugation ;

(i) soumettre la solution physiologique a un dispositif de filtration de cellules nucléées pour produire un rétentat
de filtre comprenant au moins des plaquettes par unité de volume en proportion plus importante que dans une
solution physiologique et une solution perméat comprenant du plasma et des globules rouges et ;

(iii) retirer le rétentat de filtre du filtre, ladite méthode étant caractérisée en ce que la solution physiologique
est combinée avec une solution hypotonique préalablement a I'étape (ii), grace a quoi le filtre est rincé avec
une solution de récupération hypertonique ou isotonique afin de retirer des cellules piégées.

La méthode de la revendication 1, dans laquelle la solution physiologique comprend un aspirat de moelle osseuse,
du sang, ou un mélange de ceux-ci.

La méthode de la revendication 1 ou la revendication 2, dans laquelle le dispositif de filtration de cellules nucléées
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est un dispositif de filtration a réduction de leucocytes.

La méthode de n’importe quelle revendication précédente, dans laquelle la solution physiologique est soumise a
deux filtres, le premier filtre étant le dispositif de filtration de cellules nucléées qui isole les plaquettes de la solution
physiologique pour produire un premier produit, ledit premier produit étant soumis a un deuxiéme filtre, le deuxiéme
filtre étant un dispositif de filtration a fibres creuses pour produire un deuxiéme produit, ledit deuxiéme produit
comprenant des plaquettes par unité de volume en proportion plus importante que dans la solution physiologique.

La méthode de n'importe quelle revendication précédente, dans laquelle ladite méthode comprend en outre I'étape
consistant a associer dans un mélange un matériau d’échafaudage et un rétentat de filtre retiré du premier ou
deuxiéme filtre pour produire un mélange matériau d’échafaudage / rétentat de filtre.

La méthode de la revendication 5, dans laquelle le matériau d’échafaudage est ostéoconducteur, ostéogénique,
ostéoinducteur, ou une combinaison de ceux-ci.

La méthode de n'importe lesquelles des revendications 5 ou 6, dans laquelle le matériau d’échafaudage est constitué
de matériau synthétique, de matériau naturel, ou d’'une combinaison de ceux-ci.

La méthode de n'importe lesquelles des revendications 5 a 7, dans laquelle le matériau d’échafaudage est constitué
d’'une céramique, d'un polymere, d’'un métal, d’allogreffe osseuse, d’autogreffe osseuse, de matrice osseuse dé-
minéralisée, ou d’'un mélange de ceux-ci.

La méthode de n'importe lesquelles des revendications 5 a 8, dans laquelle le matériau d’échafaudage est constitué
d’un bloc, de pate, de poussiére, de ciment, de poudre, de granulé, de mastic, de liquide, de gel, de solide, ou d’'un
mélange de ceux-ci.

La méthode de n’importe lesquelles des revendications 5 a 11, dans laquelle le matériau d’échafaudage est biodé-
gradable.

La méthode de n’'importe quelle revendication 5 a 10, ladite méthode comprenant en outre I'étape consistant a
associer dans un mélange un agent biologique et le rétentat de filtre retiré du filtre, le matériau d’échafaudage, ou
une combinaison de ceux-ci.

La méthode de la revendication 11, dans laquelle I'agent biologique associé dans un mélange avec le matériau
d’échafaudage est en outre défini comme I'agent biologique qui est compris sur le matériau d’échafaudage, dans
le matériau d’échafaudage, ou les deux.

La méthode selon n’importe quelle revendication précédente, dans laquelle le rétentat de filtre comprend en outre
des cellules nucléées, sélectionnées dans le groupe consistant en leucocytes, cellules souches, cellules progéni-
trices de tissu conjonctif, cellules ostéoprogénitrices, cellules chondroprogénitrices ou un mélange de ceux-ci par
unité de volume en proportion plus importante que dans la solution physiologique.
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